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AM.A. ARCHIVES OF 


Malignant Epithelial Tumors of the Mandible and 


Maxilla 


HENRY C. STOLL, M.D.; FRANK C. MARCHETTA, M.D., and ROBERT SCHOBINGER, M.D., Buffalo 


This is a report on a correlated retro- 
spective clinical pathological study of 34 
malignant epithelial tumors of the mandible 
and maxilla from the files of the Roswell 
Park Memorial Institute. All of these cases 
were referred to the Institute with a diag- 
nosis of ameloblastoma (adamantinoma), 
many of them after some type of previous 
therapy. 

Recent review of the biopsy material and 
resected surgical material of these 34 cases 
in the light of current pathologic concepts 
revealed several different histologic types of 
epithelial neoplasm, of which only 17 were 
felt to represent ameloblastoma. The other 
17 cases were carcinomas, clinically and 
anatomically arising within the bones of the 
jaw, but which were histologically indis- 
tinguishable from carcinomas with primary 
sites elsewhere in the head and neck region. 
Subsequent comparison with the clinical 
information showed that these two groups 
have morphologic identity and prognostic 
significance of importance as a guide to 


Submitted for publication Feb. 23, 1957. 


Some of these data were presented by Dr. Stoll 
at the Scientific Program, 12th Meeting of the 
Medical Alumni Association of the University of 
Rochester, Friday, Oct. 5, 1956. 

From the Roswell Park Memorial Institute. 
Associate Chief Cancer Research Pathologist (Dr 
Stoll) ; Associate Chief Cancer Research Head and 
Neck Surgeon (Dr. Marchetta), and Associate 
Cancer Research Head and Neck Surgeon (Dr. 
Schobinger). 


attempted therapy. Other clinics have re- 
cently reported similar experiences,’ 

The appearance and component epithelial 
cells of the 17 cases called ameloblastomas 
in this study mimicked the embryonic tooth 
bud and so suggested odontogenic origin.®* 
Their behavior was characterized clinically 
by slow persistent growth and manifested 
a grade of malignancy similar to that of 
basal-cell carcinoma of the skin, with local 
recurrences and invasiveness but without 
metastases. As a group they showed some 
morphologic similarities to basal-cell car- 
cinoma and sweat-gland adenomas of the 
skin. 

In this study the diagnoses were confined 
to lesions showing one or more of the fol- 
lowing basic patterns: (1) solid sheets of 
cylindrical cells surrounding stellate reticu- 
lum, (2) cystic lesions with or without 
squamous metaplasia of the reticular stroma, 
or (3) primitive cords of epithelial cells in a 
loose fibrous matrix, All three patterns 
morphologically appear to correspond with 
various stages of the usual embryonic odon- 
togenic evolution of the tooth bud. Some 
of these ameloblastomas showed progressive 
squamous metaplasia of the inner reticular 
areas. These patterns are illustrated in ac- 
companying pictures (igs. 1-4). Clinically, 
lesions of all three patterns were similar in 
behavior and prognosis, with the exception 
of one case which, on multiple biopsies over 
a period of years, showed the classic histo- 
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Fig. 1.—Ameloblastoma showing typical cylin- 
drical cells surrounding stellate reticulum. 
Hematoxylin and eosin; reduced 4% from mag 


x 200 


Fig. 3.—Ameloblastoma showing squamous 
metaplasia of reticular stroma. Hematoxylin and 
eosin; reduced 4% from mag. 200 


A. ARCHIVES OF PATHOLOGY 


Fig. 2—Ameloblastoma showing cystic areas and 
characteristic infoldings of epithelium. Hema- 
toxylin and eosin; reduced approximately 40% 


from mag. X 400. 


Fig. 4.—Characteristic pattern in the primitive 
type of ameloblastoma with fibrous stroma pre- 
dominant. Hematoxylin and eosin; reduced % 
from mag. X 200. 
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EPITHELIAL TUMORS OF MANDIBLE AND MAXILLA 


Fig. 5.—Metastatic squamous-cell carcinoma in 
cervical lymph node. Hematoxylin and eosin; re- 
duced approximately 40% from mag. X 400. 


logic pictures of ameloblastoma (as defined 
earlier in the paper), with progressive 
squamous metaplasia of the stellate reticu- 
lum, Eventually, the patient developed ex- 
tensive local recurrences and, finally, a 
metastasis to a cervical lymph node. Biopsy 
at that time showed both ameloblastoma and 
squamous-cell carcinoma in the locally re- 
current area, but the lymph node metastasis 
consisted of a typical keratinizing squamous- 
cell carcinoma (Fig. 5) with no suggestion 
of ameloblastic features. It is thought that 
this may represent a case of squamous-cell 
carcinoma arising from an area of squamous 
metaplasia within an ameloblastoma.* 

The 17 cases which fit the classical histo- 
logical criteria of ameloblastoma demon- 
strated certain features of the disease which 
warrant emphasis. Thirteen of the seven- 
teen patients presented with symptoms of a 
All of the 
patients complained of a swelling of the jaw 
which had been present from 2 months to 


dental nature. Pain was rare. 


Stoll et al. 


25 years prior to admission to the Institute. 
As a rule, regardless of the size of the 
swelling, the overlying mucosa was intact. 
In 15 cases roentgenograms were helpful 
in establishing the presence of a destructive 
lesion in the bone. The site of involvement 
in 14 cases was the mandible. In every case 
diagnosis was established by biopsy. None 
of the cases showed lymph node metastases 
or evidence of lung involvement, except the 
one case previously mentioned which metas- 
tasized as a squamous-cell carcinoma. Dis- 
ease progressed slowly, sometimes over a 
period of years (Cases 14, 15, 16, 17), and 
patients were quite comfortable even in the 
presence of invasive disease. In only three 
cases (Cases 12, 14, 15) was death related 
to the disease. The cause of death in one 
of them (Case 15) was invasion of the 
skull by the tumor, with the subsequent de- 
velopment of a brain abscess. The other 
two patients died with intraoral fistula, 
osteomyelitis, and necrosis of the jaw fol- 
lowing extensive irradiation. 

The results of therapy in the 17 cases of 
ameloblastoma were as follows: In one case 
(Case 4) the tumor was controlled by local 
curettage. Two cases (Case 9 and 10) were 
controlled by local curettage followed by ir- 
radiation therapy. Two cases (Cases 3 and 
13) were treated by marginal resection, One 
case (Case 2) was successfully treated by 
mandibulectomy, while another case (Case 
7) was cured by mandibulectomy after de- 
veloping recurrent tumor following initial 
treatment by curettage. In three additional 
cases (Case 6, 15, and 17) mandibulectomy 
was attempted but proved unable to control 
the tumor because it had invaded surgically 
inaccessible areas, such as the cheek, zygo- 
matic region, pterygomaxillary area, or the 
base of the skull. The remaining seven cases 
show three patients living with persistent 
disease, while four died of other causes but 
had persistent tumor at the time of death. 

In the cases treated prior to 1950 the 
original therapy consisted of curettage and 
cauterization followed by irradiation. Re- 
currences were numerous, indicating the in- 
adequacy of this form of therapy in most 
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Fig. 6.—Typical adenoid cystic structure in a 
carcinoma primary in the mandible. Hematoxylin 
and eosin; reduced approximately 40% from mag. 


< 400. 


instances. Irradiation, even when used so 
extensively as to result in radionecrosis of 
the jaw, appeared to have little curative 
effect on these tumors. In view of these 
results (Fig. 9), the more extensive surgical 
procedures of excision, marginal resection, 
and mandibulectomy are being used as a 
treatment of choice in both initial treatment 
and in recurrent lesions. 

The 17 tumors that were classified as 
carcinoma included adenoid-cystic, cylindro- 
matous, squamous-cell, and anaplastic types 
(Figs. 6, 7, and 8). These were histo- 
logically indistinguishable from their ana- 


logous counterparts arising in other primary 


sites of the head and neck region or else- 
where in the body. Indeed, their subsequent 
pathologic behavior parallels that of their 
structural analogues rather than that of the 
ameloblastoma as discussed above. It is felt 
that these represented primary carcinoma in 
the jaw,’* a possibility reinforced by the 
fact that careful clinical and, in several cases, 


242 


A. M. A. ARCHIVES OF PATHOLOGY 


Fig. 7.—Portion ot adenoid cystic carcinoma 
shown in Figure 6, showing cyclindromatous 
features. Hematoxylin and eosin; reduced approxi- 
mately 40% from mag. > 400. 


Fig. 8.—Anaplastic squamous-cell carcinoma in- 
volving mandible. Hematoxylin and eosin; re- 
duced % from mag. 200. 
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autopsy examinations with particular atten- 
tion to the head and neck region failed to 
show any alternative site of primary origin. 
This apparent contradiction, in which epithe- 
lial tumors arise in the bone, can be ex- 
plained by the normal embryonic infolding 
of the oral epithelium into the developing 
jaws associated with the process of denti- 
tion, a situation confined among bones to 
the maxilla and mandible. A number of 


these cases subsequently developed metas- 
tases to lymph nodes and organs distant 
from the primary site. Although it cannot 
be denied that their common occurrence in 
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Fig. 9.—Chart summarizing the 
clinical course of the cases de- 
scribed. 


(6 CASES) 


EACH BAR REPRESENTS AN INDIVIDUAL CASE 


the mandible versus other bones is related 
embryologically to the process of dentition 
and is thus indirectly odontogenic, it seems 
inappropriate to designate these lesions as 
ameloblastic carcinomas solely on the basis 
of their anatomical location. They show 
consistent difference in behavior and struc- 
tural pattern from the 17 cases designated 
and discussed previously as ameloblastomas. 
Therefore, these 17 cases were designated 
as carcinoma of the jaw, with appropriate 
modifying structural terms, such as adenoid- 
cystic, cylindromatous, squamous-cell, or 
anaplastic. 
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Clinically these cases were characterized 
by pain in the jaw, and all showed a more 
rapid local and invasive growth than the 
ameloblastomas discussed previously. In the 
11 cases showing the histologic pattern of 
adenoid-cystic or cylindromatous carcinoma, 
6 patients had palpable submaxillary or 
cervical lymph nodes on admission and 4 
developed distant metastases to the lungs 
and other organs. The mandible was in- 
volved in 5 cases; the maxilla, in 5 cases, 
and the soft palate, in 1 case, in contrast 
to the ameloblastomas, 14 of which involved 
the mandible. Eight of the eleven cases 
showed extension to involve adjacent struc- 
tures, such as the floor of the mouth, the 
soft palate, the anterior palate, and the an- 
trum. Therapy, based on the initial diag- 
nosis of ameloblastoma, consisted of local 
excision and irradiation therapy. The recur- 
rence rate was high, although retrospec- 
tively, in many instances, the term persistent 
disease might be more appropriate. Despite 
fairly long survivals, 8 of the 11 patients 
finally died of disease, 4 of whom had 
distant metastases and lung involvement. 

In the six cases showing squamous-cell 
carcinoma presenting as primary jaw tumors 
the duration of symptoms was short, averag- 
ing only 10 months. Five of these six cases 
involved the mandible, and two showed sub- 
mental lymphadenopathy. None showed evi- 
dence of distant metastases. 

The original therapy in all 17 cases of 
carcinoma consisted of local excision and 
irradiation because of the initial mistaken 
diagnosis of ameloblastoma. Subsequently 
more radical surgical procedures were per- 
formed in some instances. Clinical details 
are summarized in the accompanying chart 
(Fig. 9). It is now apparent that all these 
carcinomas merit initial aggressive surgery, 
often including jaw-neck dissection, to offer 
the best chance of cure. 

Other epithelial tumors which may involve 
the jaw but which are not included in this 
ameloblastic series are the mixed tumors of 
salivary gland origin. Clinically and histo- 
logically it is our experience that this group 
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is more frequently confused with the sar- 
comas. The problem is discussed in a recent 
paper.* 

Still other epithelial tumors of this region 
are metastatic. The occurrence of metastatic 
carcinoma presenting as jaw lesions has been 
discussed by other authors.” 


Summary 


Thirty-four cases of primary malignant 
epithelial neoplasms of the jaw, seen at Ros- 
well Park Memorial Institute, are presented. 
These cases have provided clinical and histo- 
logical material on the basis of which certain 
attitudes, concerning the classification and 
treatment of these neoplasms, were devel- 
oped. This paper seeks to emphasize the 
fact that the diagnosis of ameloblastoma is 
made too often by pathologists when con- 
fronted with an epithelial tumor from the 
mandible or maxilla. This often leads to 
misdirected and inadequate therapy for car- 
cinomas which superficially simulate these 
odontogeneic tumors. 


Roswell Park Memorial Institute 
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Deficient in Potassium 


This paper reports in detail some histo- 
chemical changes encountered in the kidneys 
of rats fed diets deficient in potassium, 
sodium, and sodium and potassium, with the 
sodium supplied as both the chloride and the 
bicarbonate. The serum and tissue analyses 
for water and electrolytes will be reported 
separately." 

Following the initial reports of Schrader,? 
in 1937, of a “diffuse tubular nephritis” in 
rats fed potassium-deficient diets, there has 
been a continuous advance in knowledge and 
refinement of technique in the exploration 
of the induced histological renal alterations. 
In a fine example of serendipity, Liebow * 
and others, studying the effect of potassium 
deficiency in tumor-bearing mice, gave ac- 
curate descriptions of the alterations in the 
kidney, which included increases in the kid- 
ney weight, alterations of the histological 
patterns in the loops of Henle, and the col- 
lecting tubules, where they noted increase 
in the size of the cells, the number of 
mitoses, their granularity, vacuolation, and 
the width of the tubular lumen. They also 
noted a fibroblastic proliferation in the 
intima of the larger arteries. Durlacher * 
further localized the changes in the loops 
of Henle to the ascending limbs. In addi- 
tion to some of the above alterations, 
Follis® described degenerative changes in 
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Histochemical Study of the Kidney of Rats Fed Diets 
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the convoluted tubules, with the appearance 
of fatty droplets and cellular necrosis. Such 
changes have not been observed in the 
majority of reports on potassium deficiency, 
though in some studies the ill-advised use 
of the word “degenerative” often obscures 
the real alterations observed. Some of these 
degenerative changes were noted by Follis 
to be similar to those arising from excess 
phosphate administration.* Holliday*® de- 
scribed hyperplasia of the ascending loops 
of Henle to the point of blockage of the 
tubular lumen. Spargo,’ using protein- 
depleted rats, stringently purified diets, and 
gavage feeding, was able to observe most 
of the findings noted above. He found no 
true degenerative changes but described 
periodic acid-Schiff material and colloid 
droplets in the papillary portions of the 
collecting tubules. He found a mild fat 
droplet formation in the proximal con- 
voluted tubules and in the junctional zone, 
though not as prominent as that seen by 
Follis.® 

As the knowledge of the role of potas- 
sium deficiency in the causation of histologi- 
cal alterations in the kidney parenchyma 
increased, the role of decreased or increased 
amounts of sodium in relation to the de- 
ficiency in potassium in causing tubular 
necrosis became known.** The substitution 
of bicarbonate for chloride in the diet as the 
anion in the supplied salt mixture® also 
was found to be an important adjunctive 
factor. 

Studies on the enzyme content and 
distribution in the kidneys of potassium-de- 
ficient rats have been carried out by Iaco- 
bellis et al.,"° for carbonic anhydrase and 
glutaminase, and by Spargo,’ for alkaline 
and acid phosphatase and for nonspecific 
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Taste 1.—Composition of Sodium- and 
Potassium-De ficient Diet 


Basic salts 26.1 gm. 
Mg80,..7H0 4.60 gm. 
CaHPoO, 14.40 gm. 
5.7 gm. 
Nal 0.03 gm. 
Ferric citrate 1.24 gm. 
Mn80,.4HO 0.23 gm. 
CuB0,.5H0 0.013 gm. 
7080. .7 HO 0.024 gm. 
Casein 300. gm. 
Dextrose 505. gm. 
Mazola Corn Oi) 150. gm. 
Choline 1. gm. 
962.1 gm. 


Vitamins per kg. diet 


Thiamine 
Riboflavin 

Nieotinic acid niacin 
Ca pantothenate 
Pyridoxine 

A and D (percomorph liver oil) 30 drops 


RREEE 


esterase. Quantitative decreases were found 
in potassium-depleted animals in carbonic 
anhydrase, glutaminase, and alkaline phos- 
phatase; histologically, because of the in- 
creased size of the cortical areas of the 
kidneys of the potassium deficient animals, 
there was an observable decrease in inten- 
sity of the alkaline phosphatase activity. 


Materials and Methods 


In this group of experiments, 73 Sprague- 
Dawley rats, weighing 125 gm., were placed for 
two weeks on a diet with a standardized salt 
mixture containing calcium chloride, potassium 
bicarbonate, sodium bicarbonate, calcium phosphate, 
magnesium sulfate, and trace minerals which pro- 
vided normal growth patterns when fed ad libitum 
(Tables 1 and 2). This diet is slightly modified 
from that used by Cohen, Schwartz, and Wallace.” 
The animals were divided into seven groups: those 
in which the diet was deficient in sodium and 
potassium (Group 1), potassium alone (Group 2), 
sodium alone (Group 3), potassium alone but 
calories restricted (Group 4) to the amount con- 
sumed by Group 1. 


TABLE 2 Diet Groupe 


Groups Sodium, Potassium, Calories 
mM./Kg. mM./Kg. 

1 0 Ad lib. * 
2 0 Na HOO, 0 Ad lib. 
3 WOK HCO, Adlib. 
4 300 Na HaCO, Restricted 
ba. Control 180 Na HCO, 50 K HCO, Adlib. 

b. Control 150 NaCl 150 NaCl Ad lib. 
6 300 NaCl 0 Ad lib. 
7 300 NaCl 0 Restricted 


to the same extent in Groups 4 and 7. 


246 


A. M. A. ARCHIVES OF PATHOLOGY 


The controls (Group 5) were fed the complete 
diet, with the sodium bicarbonate and potassium 
bicarbonate supplied at levels of 150 mM. per 
kilogram of diet. Where either potassium or 
sodium alone was absent from the diet, the other 
cation was supplied at 300 mM. per kilogram of 
diet. In Groups 6 and 7, the diet was deficient in 
potassium, but the sodium was provided as the 
chloride rather than bicarbonate, Group 6 being 
fed ad libitum, while in Group 7 the calories were 
restricted to those eaten by pair-fed animals of 
Group 1. The animals were weighed daily and 
the urine output determined. 

At the time of killing, the animals were anes- 
thetized with hexobarbital (Evipal) and exsan- 
guinated by aortic puncture, Portions of the liver, 
kidney, heart, muscle and adrenal were fixed in 
Zenker-acetic solution; liver, heart, and kidney, 
in 10% formalin; kidney, in 4% formalin at 4 C, 
in cold acetone at —20 C, and in Rossman’s solu- 
tion, and, finally, portions were frozen quickly at 

-30 C in a container placed in a mixture of 
alcohol and carbon dioxide. 

The following staining procedures were used: 
toluidine blue-eosin, Bowie's ethyl violet, the 
Danielli diazonium procedure, and the Barnett 
sulfhydryl reaction on the Zenker-fixed tissues; 
the McManus periodic acid Schiff (PAS) with 
diastase controls on the Rossman-fixed kidney and 
heart, Mallory’s phosphotungstic-acid-hematoxylin 
(PTAH) mitochondrial stain, Sudan black, 
Smith-Dietrich, Hale, and the methyl-green- 
pyronine procedures were performed on the 10% 
formalin-fixed tissue. 

The following enzyme procedures were per- 
formed on the kidneys: on the cold-acetone-fixed 
and paraffin-embedded tissue, Gomori’s acid and 
alkaline phosphatase and the McManus 5-nucleo- 
tidase reactions; on the cold 4% formalin, the 
a-naphthol-fast blue B esterase procedure for non- 
specific esterase and the a-naphthyl acid phosphate- 
fast blue B procedure for acid phosphatase. 
Finally, the  succinic-dehydrogenase procedure, 
with neotetrazolium and sodium cyanide, was 
carried out on the kidney sections which were 
quick-frozen, cut in a cryostat, mounted on a slide, 
and then placed in the incubating mixture. All 
enzymatic procedures were controlled by the use 
of duplicate slides and the omission of the sub- 
strate from the incubating mixture. 


Results 


The sodium- and potassium-deficient ani- 
mals ate poorly, and their growth ceased 
very shortly after being given the diet; they 
became polyuric within four days of the 
beginning of the experiment. The po- 
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tassium-deficient sodium-bicarbonate-loaded 
animals gained weight slowly, as did the 
potassium-deficient sodium-chloride-loaded 
animals. The sodium-deficient potassium-bi- 
carbonate-loaded animals gained weight, as 
did the controls. 

The fotlowing histological changes were 
observed in the potassium-deficient and the 
sodium- and potassium-deficient animals. 
The changes which are described were more 
marked in the doubly deficient animals, and 
certain changes were found only in these 
groups. Where the latter occurred they are 
described separately. In about one-third of 
the potassium-deficient animals the changes 


were minimal. In the first portion of the 


proximal convoluted tubules (we use here 


Fig. 2.—Photomicrograph 
of kidney of control rat. In 
the second portion of the 
proximal convoluted tubule 
there is regularity of the 
mitochondrial pattern of the 
cell outline and of the width 
of the luminal zone of the 
villi. The latter 
two are broad. Mallory 
mitochondrial phosphotung- 
stic acid hematoxylin; 


450. 


cells and 
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Fig. photomicro- 
graph of kidney of sodium- 
and potassium-deficient rat. 
The tubular cells of the first 
portion of the proximal 
convoluted tubule show 
marked “peaking.” B, photo- 
micrograph of kidney of 
normal rat. Toluidine blue 
and eosin; & 310. 


the nomenclature of Wachstein ), though 
no change in the size of the lumen was 
observed, there could be detected irregularly 
a peaking or tenting of the cell outline, 
forming a pointed mount, often containing 
the nucleus, in its luminal surface, with 
deep clefts between the cells, especially in 
the well-fixed Zenker-acetic material (Fig. 
14 and B). In both the Sudan black and 
Mallory’s mitochondrial change 
from a regular rodlet to an irregular granu- 


stain, a 


lar form was present in the mitochondria. 
There was an absence of basilar neutral fat 
droplets, but in the potassium-deficient ani- 
fed ad libitum a 
hyaline drops could be 


mals few eosinophilic 


found. At the 
luminal border of the tubular cells there 
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Fig. 3.—Photomicrograph 
of kidney of  potassium- 
deficient rat. In the second 
portion of the proximal 
convoluted tubule mitochon 
drial pattern and cell out 
lines are irregular and 
distorted. The luminal zone 
is narrowed and interrupted 
Mallory mitochondrial phos- 
photungstic acid hema- 


toxylin; & 450 


appeared (best seen in the PAS and Mal- 
lory PTAH stains) a narrowing of the cell 
border, which stained positively with PAS 
and yellow in the Mallory procedure. No 
detectable changes from the control animals 
were seen in any of the enzyme procedures. 
There was no evidence, in this part of the 
tube, of either cell necrobiosis or regenera- 
tive activity. 

In the second portion of the proximal 
convoluted tubule (that lying in the inner 
cortical zone) there was some flattening of 
the cells and an accompanying apparent 
dilatation of the tubular lumen. Again, as 
in the first portion of the proximal con- 


voluted tubule, there was a change from the 
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usual very regular and prominent rodlet to 
an irregular granular form of mitochondria 
(Figs. 2 and 3). Now in this zone we 
rarely encountered neutral fat droplets in 
the basilar portions of the tubular cells. 
Here, where the PAS-positive luminal bor- 
der is widest and most prominent in normal 
animals, the decrease in its width was most 
conspicuous, a finding also easily recogniz- 
able in the Mallory phosphotungstic-acid- 
hematoxylin stain. In the focal areas within 
this portion of the tube evidence of pro- 
liferative activity was seen, for there were 
mitotic figures and multinucleate cells 
present, and in the  toluidine-blue-eosin 
stain the cytoplasm of the immature cells 


Fig. 4.—Photomicrograph 
of kidney of sodium- and 
potassium-deficient rat. In 
the medulla are found large, 
pale tubular cells, among 
which are scattered cells 
with narrow cell bodies and 
basophilic luminal bulbs. 
Toluidine blue and eosin; 
« MO. 
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was mildly basophilic. These cells also had 
a pyranophilia which could be reduced by 
perchloric acid pretreatment. In these cells, 
the mitochondrial pattern was 
prominent, though no neutral fat droplets 
were present. truly 
changes were recognized. 


also, less 
degenerative 
No alteration in 
enzyme activity from the control was found. 

In the medulla, the changes were most 
conspicuous. Here the tubular lining cells 
were greatly enlarged and swollen, yet there 
was obvious dilatation of the tubular lumen 
in addition (Fig. 4). The broad rectangu- 
lar base of the cells was free of cytoplasmic 
granules, but in a small peaked projection 
of certain of the cells into the tubular lumen 
lay an eosinophilic mass which contained 
the mitochondrial elements and also con- 
tained diastase-resistant PAS material. The 
basilar clear cytoplasm was devoid of lipid 
elements, but in the doubly deficient animals 
fine granules were found spread fairly dif- 
fusely in these swollen cells, which took a 
PAS stain but were not demonstrable in 
lipid stains. Here, as in the second portion 
of the proximal convoluted tubules, there 
was evidence of proliferation of cells, with 
mitotic figures and basophilic cytoplasm 
(Fig. 5). No in nonspecific 
esterase or succinic dehydrogenase activity 


alteration 


was seen. The only degenerative activity 
was encountered in association with desqua- 


mated cells, and this was minimal in degree. 
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In the distal convoluted tubule the only re- 
liable change appeared to lie in the presence 
of an increased number of nuclei. 

In the first portion of the collecting tubule 
the cells were slightly enlarged and had 
clear cytoplasm, again without evidence of 
lipid deposition. The tubular lumens were 
slightly enlarged, and there was evidence of 
proliferation of cells. The only alteration 
in enzyme pattern seen was a slight increase 
in the acid phosphatase reaction in compari- 
son to the controls. 

In the second portion of the collecting 
tubule lying within the papillae there ap- 
peared both an enlargement of the tubular 
cells and a dilatation of the tubular lumens. 
The most remarkable change otherwise seen 
here was the presence of large eosinophilic 
colloid droplets in the cytoplasm of these 
cells, especially prominent just proximal to 
the opening of the collecting tubule into the 
pelvis. These droplets were also PAS-posi- 
tive but were diastase-resistant. Their PAS 
reaction was blocked by acetylation (Fig. 
6). They were performic-acid-Schiff-nega- 
tive. They took a faint Sudan black stain, 
but not the intense stain of neutral fat. 
They took a faint Smith-Dietrich stain and 
Baker phospholipid stain. They were not 
pyranophilic with methyl-green-pyronin 
stain, but were positive with the Danielli 
diazonium, the Barnett sulfhydryl reaction, 
and the purple reaction with the Bowie 


Fig. 5.—Photomicrograph 
of kidney of sodium- and 
potassium-deficient rat. In 
the medulla there is a pro- 
liferation of pale, tubular 
cells, with giant-cell forma- 
tion and obstruction of the 
lumen. granular mito- 
chondrial pattern is present 
in the adjacent sections of 
the second portion of the 
proximal convoluted tubule. 
Toluidine blue and eosin; 
450. 
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Fig. 6.—Photomicrograph 
of kidney of sodium- and 
potassium-deficient rat. The 
enlarged cells of the ter 
minal portions of the collect- 
ing tubules in the papillae 
contain many PAS-positive 
droplets. McManus periodic 
acid Schiff; > 450. 


ethyl-violet stain. No degenerative or 
proliferative activity was found here. A 
striking finding was the presence of a 
significant acid phosphatase reaction in these 
cells with both the Gomori procedure and the 
a-naphthyl acid-phosphate procedures, vir- 
tually no reaction being present in these 
tubules in the control animals in this area. 
As in the controls, the other enzyme activity 
was nil in this region (Figs. 7 and 8). 

An increased PAS reactivity was found 
in the interstitial tissue of the papillae and 
the inner zone of the papillae just proximal 
to its base (lig. 9). In the papillae, the 
PAS-reacting material appeared to be 


Fig. 7.—Vhotomicrograph of kidney of control 
rat, Cross section of kidney at renal pelvis. Acid 
phosphatase azo dve technique; X 2 
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largely related to the basement membrane, 
but in the inner medulla the positive PAS 
material lay much more prominently in the 


proliferated swollen mononuclear cells ly- 


ing between the tubules. This material was 
likewise diastase-resistant but blocked by 
acetylation previous to the performance of 
the periodic Schiff reaction. It was per- 
formic-acid-Schiff-postive but was not 
stained by Sudan black or phospholipid pro- 
cedures. 


Fig. 8.—Photomicrograph of kidney of sodium- 
and potassium-deficient rat. The relative pallor 
of the cortex, in comparison with the control, is 
recognized only with difficulty in the sections. The 
intensive staining of the inner medulla and papillae 
sharply contrasts with the slight staining in the 
inner medulla and the absence of activity in the 
papillary zone of the control kidney. Acid phos- 
phatase azo dve technique: 2 
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A change which was present in more than 
half of the sodium and potassium doubly 
deficient animals and none of the other 
groups was the presence of a lymphocytic 
infiltrate throughout the cortex and medulla 
(Fig. 10). These cells were diffusely scat- 
tered, and the only histological change in 
the adjacent tubules was a rather more 
marked alteration in the mitochondrial pat- 
tern in the first portion of the proximal 
tubules. The only area without lymphocytic 
infiltration was the papillary zone, 

In the purely sodium-deficient group, the 
only changes that could be discerned were 
of doubtful significance but were found in 
the slight disturbances in the mitochondrial 


Fig. 10 —Photomicrograph 
of kidney of sodium- and 
potassium-deficient rat, the 
outer cortex containing focal 
lymphocytic collections. 
Toluidine blue and eosin; 
x 200. 


Craig—Schwarts 


Fig. 9.—Photomicrograph 
of kidney of sodium- and 
potassium-deficient rat. In 
the interstices of the tubules 
of the outer medulla are 
many cells filled with dark 
PAS-positive material. Me- 
Manus periodic acid Schiff ; 


patterns in the first portion of the proximal 
convoluted tubule and the presence of a few 
fat droplets in the second portion of the 
proximal convoluted tubule. 

Where the diet of the potassium-deficient 
animals was restricted, the 
changes were of the same character but 
were less florid in their expression, a rela- 
tion also found 


calorically 


(except as previously 
noted) in the potassium-deficient animals 
fed ad libitum, compared to the doubly de- 
ficient animals. The substitution of chloride 


for bicarbonate in the potassium-deficient 


animals did not alter the changes observed 
except for the finding of PAS material in 
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the swollen endothelial cells of the capil- 
laries of the medulla. 

The areas of necrosis in the heart muscle 
were not found in any of the doubly de- 
ficient animals and were present in the 
potassium-deficient animals fed ad libitum 
in only about one-half the rats given sodium 
as bicarbonate but in none of those given 
sodium as chloride. If the diet was cal- 
orically restricted so that no weight gain 
occurred, the heart lesions did not appear. 
The changes observed did not correlate well 
with the observed alterations in the serum 
and muscle electrolytes. Some of the ani- 
mals with the lowest serum or muscle 
potassium had no observable lesions, while 
others with only slightly depressed serum 
levels had fairly marked lesions. Attempts 
were made with the PAS, diastase PAS, 
Sudan black, and Mallory’s PTAH mito- 
chondrial stain to identify a change in the 
heart muscle which might precede the ob- 
vious necrotic alteration, but none could be 
identified. 

In only one instance among all the groups 
were changes in the psoas muscle recog- 
nized; this occurred in the potassium-de 
ficient ad libitum group. 

In the adrenals, the only differences oc- 
curred in the width of the glomerulosa, 
this being increased in width as would be 
expected most markedly in the sodium-de- 
ficient potassium-loaded group, and the 
next most striking increase in the number of 
cells was in the doubly deficient animals. 

No changes of significance were found 
in the livers of the control or experiment 
groups. 


Comment 


It is our belief that almost the entire 
length of the nephron shows a demonstrable 
change related to potassium deficiency. The 
“tenting” or “peaking” of the proximal con- 
voluted tubular cells has not been a 
prominent feature of the descriptions in 
experimental potassium deficiency but is a 
recognized finding in human kidneys in 
long-standing potassium deficiency and in 
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the de Toni-Fanconi-Debre syndrome ™ 
(cystinosis), which is often associated with 
remarkably low serum potassium values.’ 
It is interesting that the vacuolar change in 
the proximal tubules, so prominently ap- 
pearing in humans with chronic potassium 
deficiency, does not appear."*"® The role 
of the distal convoluted tubule may well be 
reevaluated in view of the minor changes 
which can be demonstrated in this experi- 
mental study. It is the area showing the 
least alteration of all the tubular systems, 
and, furthermore, it is perhaps noteworthy 
that this tubular section is also devoid 
of the enzyme activity in the alkaline phos- 
phatase system, though it does show oxida- 
tive enzyme activity.’?% 

The marked changes in the medulla 
appear to consist of hypertrophy and hyper- 
plasia. The absence of increased lipid or 
colloid in the cells, despite their swollen 
appearance, suggests a functional rather 
than a degenerative change. The relation 
of these changes with the PAS-positive in- 
terstitial cells nearby is not known. 

Dr. Jean Oliver," using dissection tech- 
niques, has indicated that these greatly 
dilated tubules in the medulla are portions 
of the collecting tubule systems, while Mac- 
pherson and Pearse,'* in a paper published 
after the completion of this work, indicate 
their belief that they represent thin loops of 
Henle. On the basis of the intensity of 
reaction of the succinic dehydrogenase 
staining, it could be either of these, but not 
the ascending limbs of Henle. 

The role of the collecting tubule in the 
final adjustment of osmolarity and hydro- 
gen ion has yet to be assessed." The 
rather striking changes induced in the 
doubly deficient animals suggest that it has 
a more important role than that heretofore 
assigned. The appearance here of a histo- 
chemically demonstrable acid phosphatase 
activity in a region where it does not occur 
in control animals suggests an altered func- 
tion of these cells under this type of stress. 
Macpherson and Pearse,'* using indoxyl 
acetate rather than naphthyl acetate as a 
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substrate for esterase demonstration, re- 
ported also increases in esterase activity in 
the collecting tubules. The droplets seen in 
the terminal collecting tubules appear, 
from the histochemical investigations, to be 
a lipoprotein complex. Since these animals 
do not display any outstanding proteinuria, 
it may be surmised that their origin lies 
within the cell. 


The absence of any clear-cut degenerative 


changes in the kidney sections may be re- 


lated to the short duration of these experi- 
ments. The period of development of such 
degenerative lesions may be longer than this 
period of observation. The doubly deficient 
diet employed is essentially a nonalkaline 
ash one but contains adequate phosphate 
and chloride. The importance of high phos- 
phate loads in inducing renal damage even 
in short-term experiments has been pointed 
out.“ The potentiating effect of excess 
sodium in increasing the cardiac and liver 
damage and renal mass has been known *!: 
#2 and is again demonstrated in the hearts 


of the 


sium-deficient 


sodium-bicarbonate-loaded 
this series. As 
pointed out by Holliday,* hyperplasia and 


potas- 
rats in 


the more striking tubular changes are in- 
duced in the kidneys of animals on diets 
deficient in both sodium and _ potassium. 
These changes cannot be correlated with 
either absolute values of potassium in the 
muscle of these animals! or the degree of 
distortion of both sodium and potassium 
values in serum or muscle cells. 

Two changes are described in the present 
experiments which might be considered de- 
generative. The first is the lymphocytic 
infiltration seen only in the doubly deficient 
animals; the second is the accumulation of 
PAS-positive material in the macrophages 
in the of the medulla 
which had a positive performic-acid-Schiff 
The 
significance of this material is unknown; 
the relation of such cells to the interstitial 
cells of the renal papillae described by 
Sternberg et al.'*® is also unknown. 


interstitial tissue 


reaction but did not stain for lipid. 


Craig —Schwartz 


The role of inanition in the prevention 
of the development of cardiac lesions might 
be mentioned. The doubly deficient animals 
ate poorly and lost weight; so they would 
have more available postassium from their 
body stores. How much protection against 
the heart lesions is provided from this 
mechanism and how much from the absence 
of a sodium load cannot be determined from 
these experiments. The importance of the 
sodium load in giving rise to the cardiac 
lesions by presumable displacement of myo- 
cardial potassium by sodium has recently 
been pointed out by Rahman.** The ab- 
sence of any predegenerative alteration in 
the pattern of the cardiac muscle makes it 
appear that cell death is almost instantan- 
cous. 


Summary and Conclusions 

The kidneys of rats fed a potassium- 
deficient diet show histological alterations 
in all zones of the renal tubule, which in- 
clude changes in the mitochondrial pattern, 
cellular outline, luminal border, colloid drop- 
let formation, mitotic activity, cellular hy- 
perplasia, and tubular dilatation. The 
changes are most conspicuous in the medul- 
la and in the terminal collecting tubules. 
The interstitial tissue of the inner medulla 
contains many PAS-positive macrophages. 
In such kidneys there is a striking increase 
in acid phosphatase activity in the second 
portion of the collecting tubule in the papil 
lary zone. The changes in the kidney are 
potentiated by diets deficient in both sodium 
and potassium, a dietary regimen which 
also induces a lymphocytic infiltration of the 
renal cortex. The toxic effects of sodium 
bicarbonate in potassium deficiency can be 
demonstrated in the heart lesions, but not 
in the kidney. 

Dr. Jean Oliver gave helpful criticism 

The Children’s Hospital, 300 Longwood Ave 
(15). 
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Scleroderma of the Gastrointestinal Tract 


A Review 


MOSHE B. GOLDGRABER, M.D., and JOSEPH 8. KIRSNER, M.D., Ph.D., Chicago 


Introduction 


Systemic scleroderma is a disease of un- 
known etiology in which fibrillar acellular 
collagen hardens the skin and constitutes 
the most prominent manifestation. Other 
systems may be involved, such as the joints, 
heart, gastrointestinal tract, kidneys, and 
lungs and practically every organ in the 
body containing connective tissue. In a 
small percentage of cases (10%) the initial 
clinical manifestations are referable to in- 
ternal organs or tissues prior to the ap- 
pearance of cutaneous involvement, Visceral 
scleroderma was recognized only recently 
because the pathological findings were diffi- 
cult to interpret. Early 
characterized by edema, and this feature is 
well concealed by the usual fixative pro- 
cedures. Many changes in tissues are the 
result of inflammation, and it is difficult to 
discern inflammatory alterations from those 
purely sclerodermatous in origin. The same 
difficulty is encountered when scleroderma 
is associated with another disease in one of 
the viscera, as illustrated in a case of ulcera- 


scleroderma is 


tive colitis associated with scleroderma.' In 
scleroderma not only is there increase in the 
bulk of connective tissue, but it also presents 
the optical and tinctorial alterations known 
as fibrinoid degeneration.2 This disease, 
therefore, has been included in the group 
Several re- 
views ** dealing with scleroderma and its 


of so-called collagen diseases. 


visceral manifestations have been published 
in the past. Nevertheless, much of the in- 
formation concerning gastrointestinal in- 
volvement is of recent acquisition, and it 
~ Submitted for publication April 4, 1957. 

Department of Medicine, The University of 
Chicago 


was thought useful to collect the findings 
with special emphasis on the pathological 
changes. 


Esophagus 


Ehrmann,® in 1903, described a case of 
scleroderma with dysphagia and reported 
the endoscopic findings. Since then many 
similar reports have appeared.7** Rake? 
noted spasm of the esophagus at x-ray ex- 
amination in At autopsy, the 
esophagus was found to be dilated and the 
mucosa absent in the lower three-fifths. At 
microscopic examination the submucosa of 
the middle portion of the gullet was found 
to be thickened, scarred, and extensively in- 
filtrated with cells; the scarring extended to 
the intermuscular region. Weiss et al." re- 
ported nine cases of scleroderma. In four 
there were esophageal symptoms of heart- 
burn and substernal fullness after meals. In 
one case no abnormality was demonstrable 


one case. 


at necropsy grossly and microscopically, In 
the other patients, with a smooth constric- 
tion 4 cm. above the cardia at x-ray examina- 
tion, findings on esophagoscopy and biopsy 
were both negative. Lindsay et al. described 
five cases. Dysphagia was the main symp- 
tom but had to be elicited in some cases by 
direct questioning. Narrowing of the esoph- 
agus 4-5 cm, above the level of the 
diaphragm, with a disturbance of the 
esophageal movements, was a prominent 
feature. In four of five cases esophagoscopy 
demonstrated redness of the mucosa, thick- 
ening, scar tissue, constriction, and ulcera- 
tions, Biopsies revealed acute and chronic 
inflammation, ulceration, and increase in 
old fibrocytic tissue. Hale and Schatzki 
described 22 cases. Seven patients had 
symptoms referrable to the esophagus ; five 
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had abnormal roentgenological findings. 
Kight of fifteen symptomless patients also 
manifested esophageal changes; these con- 
sisted of a prolonged transit time, gaping 
of the esophagus after the passage of the 
bolus, diminished peristalsis, and slight dila- 
tation of the esophagus. ‘There was no 
spilling of barium into the trachea; com- 
plete obstruction was not observed. Goetz," 
in his extensive study, described one case 
of scleroderma with difficulty in swallowing 
of long duration. At x-ray two-thirds of the 
esophagus was dilated, while the lowest 21% 
in, were constricted; a niche developed at 
this level. A biopsy specimen taken through 
the esophagoscope showed evidence of epi- 
thelial thickening (leukoplakia) ; the muscu- 
laris mucosae was thickened, and there was 
small-cell infiltration. This patient died, and 
at necropsy the submucosa of the esophagus 
was found to be thickened, with acute and 
chronic inflammatory infiltrates. The mus- 
cular coat was hypertrophic, and at the ulcer 
level the muscle coat stained unevenly, with 
disintegration up to complete fibrous replace- 
ment. The myenteric plexus Was prominent. 
The had thickened walls or were 
occluded, Olsen et al.” reported their ex- 


vessels 


perience with 350 cases of acrosclerosis and 
scleroderma. Thirty-six patients complained 
of dysphagia. Only 18 had complete studies. 
At x-ray examination there was dilatation, 
with atony of the esophageal walls and 
spasm at the cardia. In nine cases hiatal 
hernia of the short-esophagus type was 
found. Two patients had strictures as a re- 


sult of inflammation. In three cases in 
which biopsies were done, inflammatory 
changes were so pronounced that the 


sclerodermatous features were entirely con- 
Their conclusion was that sclerosis 
of the connective tissue is the basic factor 


cealed. 


in the causation of esophageal signs and 
symptoms, Pugh et al.” reported a case of 
scleroderma with late appearance of epi- 
gastric pain and dysphagia. X-ray examina- 
tion demonstrated dilatation of the esophagus 
and persistent opening even after barium 
evacuation, indicative of the inability of the 
muscularis to contract. ae 


Bevans '* reported 
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the autopsy findings in one patient with 
scleroderma. In the esophagus the sub- 
mucosa had dense collagen tissue. The 
circular layer of the muscularis was replaced 
by fibrous tissue, and the longitudinal layer 
was atrophic. No abnormality was found in 
Auerbach’s plexus. Muscular atrophy of 
the gastrointestinal tract was emphasized as 
the main pathological feature of this system. 
Rafsky and Herzig '® reported two cases 
of scleroderma with esophageal symptoms. 
One had normal x-rays of the gastroin- 
testinal tract ; in the other spasm was demon- 
strated at the lower third of the esophagus. 
Lushbaugh et al.'® described a fatal case of 
scleroderma with extensive gastrointestinal 
findings. The epithelium of the esophagus 
was thickened and white, and there was a 
stiff-walled ulcer of 2 mm. depth. The 
muscularis mucosae was infiltrated by fibro- 
blasts and 
bundles. 


penetrated by large collagen 

The submucosa had extremely 
collagen The muscularis 
propria was partially replaced by collagen. 
Myoma-like masses were seen in venous 
walls. Smaller nerve trunks had undergone 


dense tissue. 


myxomatous degeneration of varying degree. 
Kaisch '? reported six cases with esophageal 
involvement. Lindsay '* pointed out that in 
9 cases of diffuse scleroderma seen before 
1942 no esophageal symptoms were noted, 
while of 19 subsequent cases, 18 had esopha- 
geal pathology, 17 had difficulty in evacuat- 
ing barium from the esophagus, 13 had 
dysphagia, 5 had stenosis, and in 6 there 
was the short-esophagus type of hiatus 
hernia. Fibrous connective-tissue changes 
similar to those of the skin were found in 
the walls of the esophagus. There also were 
surface changes, with hyperkeratosis, leuko- 
plakia, ulceration, and stenosis due prob- 
ably to irritation caused by regurgitation 
of gastric juice. and Skisnes 
reported a fatal case of scleroderma after 
the principal 
features were dense hyalin deposits, fibrous 


Schwarz 
an esophagogastrostomy ; 


sclerosis with decreased cellularity in the 
submucosa, and atrophy of the muscularis 
of the esophagus. Aronson and Waller- 
stein *° reported in their case periodic dys- 
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phagia for years. At autopsy the esophagus 
was found to have a thin wall, sessile 
mammillations in the lower third, and 
atrophy of the muscularis. Boyd et al.*! 
recorded the x-ray findings in 63 cases of 
generalized scleroderma. Twenty-three of 
twenty-nine patients examined had abnor- 
malities in the esophagus, including delayed 
transit time, loss of tone, dilatation and 
barium retention, or generally narrowed 
esophagus. Degeneration of muscularis with 
thinning and atrophy would cause dilatation. 
while fibrosis and episodes of esophagitis 
could produce the rigid and narrow type 
of esophagus. In the autopsied case there 
was degeneration and muscle regeneration 
and collagen deposits in the submucosa; no 
vascular changes were found. Abrams et 
al.** described the clinical, roentgenological, 
and pathological findings in the esophagus, 
although the authors were mainly interested 
in other portions of the gastrointestinal 
tract. They stress the presence of muscular 
atrophy in the esophagus, with thinning of 
the wall, and consider loss of muscle fibers 
the main feature of gastrointestinal path- 
Dornhorst et al.,”* 
in esophageal pressure studies, observed 


ology in scleroderma. 


failure of the propulsive wave to reach the 
lower part of the esophagus even in patients 
who had not complained of dysphagia. At 
examination they found 
simple atrophy of the muscularis, with 
minimal fibrous replacement. 


microscopical 


No sclerosis 


jas observed in the dermis, They considered 


esophagitis and reflux strictures mere com- 
plications, Leinwand et al.** reported that 
7 of 14 patients with dysphagia had dilata- 
tion or stricture at the lower end of the 
esophagus. Piper and Helwig,”® who ex- 
amined more necropsy material than anyone 
previously, found representative material 
for microscopic examination in 21 of 31 
cases. They, too, found thickening of the 
wall and ulceration (not of the peptic type). 
At histological examination there was found 
fibrosis in the submucosa and fibrous re- 
placement of the muscularis; in some there 
was periesophageal Pagel and 
Treip * discussed the possibility of inter- 


sclerosis. 
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mediate forms of dermatomyositis, sclero- 
derma, and disseminated lupus erythematous 
and pointed out that in a case of diffuse 
visceral arteriolar disease which developed 
in a patient with dermatomyositis in the 
past, at autopsy there was found fibrosis of 
the muscularis propria of the esophagus. 
This brings us back to those instances of 
visceral which have a 
prominent vascular lesion, with fibrinoid 
deposits in the intima of small arteries and 


scleroderma, also 


inflammatory infiltrates around these ves- 
sels. These lesions resemble closely the 
findings in periarteritis nodosa. In the care- 
ful study of such a case by Masugi and 
Ya** and in the two cases reported by 
Pollack,** esophageal lesions were not re- 
corded, Taubenhaus * reported a case with 
dysphagia and lack of peristalsis and dilata- 
tion of the lower part of the esophagus at 
X-ray examination, Under cortisone treat- 
ment there was subjective improvement of 
swallowing, and at fluoroscopy there was 
“definite” satisfactory peristalsis, with some 
decrease of the previously noted dilatation. 
Lunseth et al.* also reported a case with 
dysphagia. The patient received cortico- 
tropin (ACTH), 100 mg. daily, and on the 
fourth day tenderness of the abdomen de- 
veloped, with jaundice, NPN of 134 mg. per 
100 ce., and anuria. At autopsy the wall of 
the esophagus was firm and thick, with ero- 
sions in the lower third. At microscopical 
the was 
found to be fibrotic and atrophic, with fibro- 


examination muscularis mucosae 
sis in the submucosa and fibrinoid necrosis 
of small vessels. 

In summary, the esophagus involved in 
scleroderma may be thickened, thinned, in- 
flamed in its distal portion, ulcerated, and 
narrowed by stricture. The literature sug- 
gests two opposite views: those '*?°** who 
think that muscular atrophy is the essential 
feature and others who 
sclerosis of the submucosa the main path- 
ological feature. Most of the authors seem 
to agree with Lindsay that ulceration, 
inflammation, and stricture are secondary 


consider 


manifestations of the regurgitation of acid 
gastric juice. Figure | illustrates some of 
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Fig. 1.—Lower end ot the esophagus. There 
is hypertrophy of muscularis mucosae (a), cellular 
infiltration of the submucosa (>) and fibrosis in 
the inner layer of the muscularis propria (¢) 


the features encountered in scleroderma in 
the lower part of the esophagus. 


Stomach 


Scleroderma of the stomach is described 
less frequently. Kraus*' reported  pro- 
nounced dilatation of the stomach and duo- 
denum in one case, but no microscopic details 
were given. Heine ** found lymphocytic in- 
filtrates in the mucosa and in the other 
layers of the stomach; these were present 
also in and around vessels of the submucosa, 
which was very sclerotic. In Rake’s case? 
there was obstruction at the pylorus at x-ray 
examination. At necropsy the stomach was 
only dilated; histological examination re- 
vealed scarring and cellular infiltration in 
the submucosa in the region of the cardia. 
Hale and Schatzki '® also reported delay in 
emptying of the stomach and spasm of the 
antrum, Goetz’s patient '' had a hypotonic 
stomach with dilation at the roentgenologic 
examination ; the descending and ascending 
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portions of the duodenum also were dilated. 
Apparently no abnormalities were found in 
the necropsy material. Bevans '* found the 
mucosa of the stomach to be normal in his 
case, but edema and atrophy of the muscu- 
laris were present. The wall of the stomach 
was only half the normal thickness. There 
was coarse connective tissue in the sub- 
mucosa, This author considers atrophy of 
the muscularis layer of the gastrointestinal 
tract a main feature in advanced scleroderma 
and this histological feature would provide 
an explanation for the symptoms during 
life. In Lushbaugh’s detailed case ' report 
no abnormality apparently was found in 
the stomach. In Kaisch’s series '? his second 
case at necropsy demonstrated thickening of 
the submucosa of the stomach, ulcerations, 
and vascular fibrosis; these lesions were 
similar to those found in the esophagus. 
In Schwarz and Skisnes’ patient there 
were no abnormalities in the gastrointestinal 
tract below the esophagus. Aronson and 
Wallerstein 7° found in their case a pos- 
sible filling defect in the distal portion of 
the greater curvature ; at autopsy there was 
thinning of the wall, mucosal ulceration, and 
inflammatory infiltration. Skouby and 
Teilum ™ described a patient with frequent 
loose stools, colicky pains, and vomiting. 
X-rays demonstrated gastric retention and 
dilatation of the duodenum. At autopsy the 
stomach presented atrophy of the wall; there 
was marked hyalinization around remnants 
of myofibrils in the innermost part of the 
muscularis propria. Lunseth et al.” found 
fibrosis in the stomach wall around an ul- 
cerated area and away from it as well. 
Boyd *" in his x-ray study, found the stom- 
ach to be mostly flaccid and mentions the 
sclerosis of the gastric wall, when patho- 
logical material was available. Masugi and 
Ya *? noted fibrinoid degeneration and peri- 
vascular infiltrates in arterioles of the sub- 
mucosa of the stomach. This author makes 
a point of differential diagnosis by locating 
fibrinoid changes in the intima in sclero- 
derma and in the media in_periarteritis 
nodosa. Piper and Helwig,” who had the 
most abundant pathological material, noted 


Vol. 64, Sept., 1957 


~ 
et. 
4 
4 
: 
‘ 


SCLERODERMA OF GASTROINTESTINAL TRACT 


ulcerations in the stomach, some of which 
they distinguished as peptic and others of 
more shallow appearance; sclerosis of the 
submucosa with inflammatory infiltration 
was found mostly at ulcerated sites, but 
sclerosis also in other locations were noted. 
Arcilla et al.** reported a case with ab- 
dominal cramps and distention and also 
hematemesis. At necropsy the wall of the 
stomach was thin, and there were purplish 
ecchymoses at the cardiac end. 


In summary, the main pathological fea- 
tures observed in the stomach have been 
scarring with cellular infiltrates,’® lympho- 
cytic infiltrates,** edema and atrophy of the 
muscularis,"* thickening of the submucosa 
with ulcerations,'’ and sclerosis of sub- 
mucosa."* The gastric material examined 
and described in the literature is much 
smaller than that reported for the esophagus. 
Figure 2 illustrates some pathological find- 
ings in the stomach in scleroderma, 


Small Intestine and Duodenum 


Kraus *! described slight thickening of 


the serosa of the bowel, atrophy of the 
muscularis, and thickening and hyalinization 
of the connective tissue of the submucosa. 
There were no changes in the mucosa or 
the blood vessels. Heine ** found increased 
connective tissue in the serosa of the intes- 


tines and lymphocytic infiltrates in the 
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mucosa and serosa. Gordon ** mentions 
atrophy and congestion in the small intestine 
of his patient. In Rake’s case’ the small 
and the large bowel were dilated as if there 
were obstruction in the descending colon. 
The patient had a cecostomy. At autopsy 
there was no obstruction, but the small bowel 
was dilated; nothing abnormal was noted 
at histological examination. In Hale and 
Schatzki’s series'® 4 of 18 patients had 
remarkable changes. One patient had clinical 
symptoms of heartburn, gas, sharp epigastric 
pains, sometimes nausea and vomiting, and 
three to four bowel movements a day. At 
x-ray examination the second and _ third 
portions of the duodenum were dilated; so 
were loops of the upper jejunum ; there was 
no change of the mucosal pattern, Barium 
enema filled a dilated terminal ileum. A 
second patient had epigastric distress with 
gaseous distention and dilated jejunal loops 
with normal pattern at x-ray examination, 
A third patient had epigastric 
nausea, and vomiting. The esophagus was 
normal, but the third portion of the duo- 
denum was dilated, and barium could be 
forced further after 20 minutes. There also 
were dilated loops of the jejunum, At 
laparotomy 65 cm. of jejunum was found to 


cramps, 


be grayish in color and markedly dilated 
in individual saccular areas along the mesen- 
teric side of the jejunum. The bowel wall 


Fig. 2.—Section of the 
stomach. The serosa is 
thickened, and there is 
fibrosis of the muscularis. 
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was firmer than usual. There was a gradual 
transition to normal bowel. A resection was 
performed, The surgicai specimen revealed 
edema and thickening of the submucosa. The 
patient again deyeloped signs of obstruction 
postoperatively; once more dilation of the 
duodenum and upper jejunum was demon- 
strated at x-ray examination. No further 
information resulted from the necropsy ex- 
amination. The fourth patient suffered from 
gaseous eructations, nausea, and diarrhea. 
X-rays revealed widened small intestinal 
loops, with considerable delay in reaching 
the cecum, Additional x-rays eight months 
later confirmed the previous _ findings. 
Goetz"! also described a dilated duodenum, 
with “definite” lack of peristalsis in the 
small bowel, which felt edematous at ne- 
cropsy. Pugh et al.'* noted a duodenal ulcer 
which bled. The terminal ileum remained 
open even after barium evacuation, denoting 
an inability of the bowel musculature to con- 
tract. Bevans '* reported in his case clinical 
symptoms of nausea, vomiting, and constipa- 
tion. The patient had signs of obstruction 
and died. Autopsy revealed no obstruction. 
The mucosa of the jejunum had a diffuse 
lymphocytic infiltrate; the submucosa con- 
tained dense collagen fibers in increased 
amount; the blood vessels were thickened 
and hyalinized, and the layers of the muscu- 
laris atrophied. In the mesentery there was 
a thick layer of connective tissue around 
nerves and vessels, Random sections of the 
small bowel in Lushbaugh’s ' case showed 
fibrosis of submucosa, of muscularis, and of 
the serosa. Kaisch '? reported a peptic ulcer 
in the first portion of the duodenum and 
fibrinoid necrosis beneath Brunner’s glands. 
Skouby and Teilum* noticed marked 
atrophy of all the layers of the small in- 
testinal wall. Prowse ® reported a patient 
with abdominal distention, vomiting, and 
“absolute” constipation. The ileus returned 
after temporary improvement, and the pa- 
tient died. At necropsy the submucosa 
of the small intestine was the site of ex- 
tensive small round-cell infiltration. There 
was atrophy of all other layers and increase 
of collagen fibers. Boyd et al.*" had four 
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patients who on small-bowel roentgenological 
studies presented segmental abnormalities. 
Abrams et al.** reviewed the evidence of 
small-bowel involvement in scleroderma in 
the literature and found only 21 reported 
instances, only a few histological descrip- 
tions, and still fewer adequate illustrations. 
Their first case presented x-ray evidence 
of dilatation of the third portion of the 
duodenum, with stasis. The second patient 
also had impaired motility of the duodenum, 
without abnormality in the mucosal pattern. 
The third case had marked distention of 
the duodenum and jejunal loops. At autopsy 
in this case the intestine was thin-walled. 
Microscopic examination demonstrated 
atrophy of muscle fibers and thickening of 
interfibrillar framework. The fourth case 
also had dilatation of the duodenum and 
proximal small bowel; at autopsy diffuse 
atrophy of muscularis was present. The fifth 
case had dilatation of the duodenum, and 
the sixth case, dilatation of the duodenum 
and intestinal loops. The authors stress the 
fact that even with profuse diarrhea there 
was prolonged transit time, up to 8, 10, and 
12 hours instead of the normal 2, Leinwand 
et al.** also stressed absence or paucity of 
peristaltic movements, especially in the duo- 
denum and jejunum; local dilatation of 
individual loops, and delay in emptying. No 
mucosal changes were present according to 
these authors. Pagel and Treip ** reported 
a duodenal ulcer in one of six cases. Ma- 
sugi *7 noted in his case fibrinoid degenera- 
tion and perivascular infiltration in the 
arterioles in the submucosa of the duodenum. 
De Four *' described a case with involve- 
ment of the duodenum and jejunum and 
with clinical symptoms of partial intestinal 
obstruction. At necropsy there was fibrosis 
and atrophy of the muscularis mucosae and 
fibrosis of the muscularis propria. Harper ** 
found in his series 10 cases with outpouch- 
ings of the small bowel at x-ray examination. 
These outpouchings would appear where 
the musculature of the wall was atrophied 
and would occur irregularly. Piper and 
Helwig ** found variable extent of pathology 
in 15 of 31 autopsy cases examined. The 
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most prominent feature was that changes 
were located in different areas; they con- 
sisted of fibrosis and sclerosis of the sub- 
mucosa. Marshal *’ recently reported three 
cases of interest in which the small bowel 
was observed at laparotomy or autopsy. The 
jejunum was the main site of pathology, 
with a flabby distended bowel wall and lack 
of peristalsis. Histologic study revealed 
marked sclerosis of connective tissue in the 
serosa and atrophy, with partial replace- 
ment of the muscularis by fibrous tissue. 
It is of interest that in the third case the 
muscularis was entirely absent, that the pa- 
tient did not present skin manifestations, 
and that the diagnosis of collagen disease 
was established on the basis of the intestinal 
histology alone. Arcilla et al.** found at 
operation in their patient distention of the 
intestine from the duodenum to the recto- 
sigmoid. There minimal peristalsis, 
even with the use of neostigmine ( Prostig- 
min). The jejunum later was found to have 
increased fibrous connective tissue in the 
submucosa and serosa. In a case described 
by Rosenthal,” with clinical symptoms of 
steatorrhea, the small intestine was con- 
siderably dilated and thin, and microscopi- 
cally there was narrowing of muscle bands, 
edema of the 


was 


submucosa, and atrophic 


mucosa with lymphocytic infiltration. 
In summary, the most frequent changes 
in the small bowel consisted in muscular 


Fig. 3.—There is cellu 
lar infiltration of the 
mucosa, thinning of the 
layers of the muscularis, 
and thickening of the 


SCTOSA 
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connective 
lymphocytic infiltra- 
tion,**! and saccular dilatation.""** It is of 
interest that in three of the reported cases 
there was a duodenal ulcer."*"7* Figure 3 


increase in 


tissue,! 4,16,22,25, 44,37 


shows some of the features of small-bowel 
involvement in one of our cases. 


Colon 

Kraus,*' who probably was the first to 
describe changes in the intestine, did not 
specify large or small bowel and used the 
word Darm, which could be applied to both, 
areas of hemor- 
rhage in the submucosa of the rectum; in 
the there was “chronic catarrh.” 
Rake’s patient’? had diarrhea and occult 


Gordon found several 


colon 
blood in the feces. X-ray examination dem- 


At ne- 
cropsy the sigmoid and rectum had been 


onstrated a dilated large intestine. 


reported as containing a normal mucosa, 
and 
Schatzki 
had 


Barium enema revealed sacculations 


muscularis, 
and 


submucosa, 
plexus. Hale 
their fourth 
months, 


myenteric 
noted that 
case diarrhea for two 
of the colon; sigmoidoscopy was normal. 
Their fifth case had a shortened transverse 
colon and sacculations of the transverse and 
descending colon, with intervening irregular 
those 
colitis ; sigmoidoscopy in this last case also 


areas similar to seen in ulcerative 


was normal, Goetz,'' in his necropsy study, 
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reported narrowings of the descending and 
sigmoid colon, where the wall felt hard and 
fibrous; in between were sacculi with thin 
atrophic walls. An excellent picture of the 
gross specimen was included in his paper; 
on the narrowed areas the mucosa and sub- 
mucosa were normal, but the muscularis 
was extremely atrophic, and the myenteric 
plexus, prominent. In the dilated areas the 
mucosa and submucosa were narrow and 
edematous; the muscularis and myenteric 
plexus were atrophic also. The external 
layer of the muscularis was lacking alto 
gether at places; the muscle stained un- 
evenly. The vessels supplying the alimentary 
tract in this case had marked thickening of 
the walls; some were almost completely oc- 
cluded. The author concluded in veiw of 
variable findings of the myenteric plexus 
that an affection of intramural neuro 
muscular apparatus could be responsible for 
the changes. Pugh et al.” stated that there 
might have been involvement of the colon 
in their case, but this could not be deter 
mined with certainty. Bevans’ patient ' 
had nausea, vomiting, and constipation. Ob- 
struction was suspected but not found at 
necropsy. The changes observed in the 
colon were patchy in distribution and sim- 
ilar to those of the small bowel, involved 
by lymphocytic infiltration of the mucosa ; 
the submucosa contained dense collagen 
fibers, and the muscular layers were 
atrophied to a degree that mucosa and serosa 
were at mutual contact. The serosa was 
thickened and fibrous throughout. The 
second case did not present gastrointestinal 
symptoms. The colon at autopsy was of 
normal caliber; at histological examination 
the submucosa had coarse connective tissue 
fibers ; the muscularis mucosae was thinned, 
and there was marked edema. Fibrous re- 
placement of the muscularis propria with 
a normal Auerbach’s plexus, in contrast to 
the atrophic muscle, was noted. Lushbaugh 
et al."® found in their case, at a certain stage, 
abdominal pains and a tender palpable de- 
scending colon. Proctoscopy up to 14 em. 
was normal, and barium enema, unsatis- 
factory. One year later the patient died after 
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having passed a bloody stool. At autopsy 
the colon was dark red in color from the 
splenic flexure distally. The mucosa was 
edematous and friable. Two elongated 
ulcers were found in the rectum. There were 
thrombotic phenomena in the subterminal 
branches of the left colic artery, which prob- 
ably contributed to the gangrenous aspect of 
the bowel. In addition there was atrophy 
and fibrous replacement of the circular layer 
of the muscularis. The submucosa was 
thickened, even in the nongangrenous por- 
tion of the colon. At the site of gangrene 
the mucosa was necrotic or missing. The 
authors assumed in this case that intimal 
fibrosis and edema, and likewise venous 
myomatous proliferations, were responsible 
for the other changes. Skouby and Teilum ** 
found sclerosis of the wall of the colon. 
Sclerosed connective tissue replaced the 
muscularis in a patchy manner, The serosa 
was thick and selerosed. Aronson and Wall- 
erstein’s case*” is of particular interest. 
Approximately 10 years after the onset of 
cutaneous symptoms of scleroderma the pa- 
tient had symptoms of indigestion and 
diarrhea, and a diagnosis of ulcerative colitis 
was made. The diarrhea continued, with 
remissions during ensuing years. Proctos- 
copy and barium enema were not reported. 
An autopsy was performed, but the colon 
findings were not specified in the report. 
Boyd et al.,7! in a series of 63 cases of 
scleroderma, did not find roentgen abnormal- 
ities of the colon; four patients had abnor- 
mal findings in the small bowel. Harper ** 
found definite roentgenological abnormali- 
ties in 8 of 11 patients. These consisted of 
an asymetrical outline of the bowel, with 
haustration on one side and wide-mouthed 
diverticuli on the opposite side and with 
inspissated matter, and therefore inability 
of barium to penetrate. These pouches re- 
mained open, filled, and uncontracted after 
evacuation. This finding was noted in pa- 
tients without bowel symptoms and in those 
with alternating constipation and diarrhea. 
In a second autopsied case there were no 
constrictions of the bowel, although marked 
pouchings were found. One patient had a 
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Fig. 4.—Section from the colon. 
submucosa (a) and almost complete atrophy of 
the external layer of the muscularis externa ()b). 


Wide sclerotic 


severe form of the disease, with changes 
in the descending colon resembling those of 
ulcerative colitis. In this instance, there was 
no clinical evidence of ulcerative colitis; 
at sigmoidoscopy, a gray “sclerodermatous” 
mucosa was seen, as in the other 5 of the 11 


cases, Cullinan * considers this proctoscopic 
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finding typical for scleroderma. Four other 
patients had normal proctoscopic findings. 
Harper,** in discussing the pathology, men- 
tions raw exfoliated areas in the colon, as 
described in the esophagus ; these may create 
unusual features, simulating ulcerative 
colitis. Abrams et al.** (third case) reported 
a woman 42 years of age who had diarrhea 
as the initial symptom. At barium enema 
there were sacculations of the large bowel, 
with inability to evacuate. At autopsy there 
were no mucosal lesions in the colon. At 
histological examination there were patches 
of extreme atrophy, with disappearance of 
muscle fibers and thickening of interfibrillar 
framework, Other layers were unaffected. 
Case 6 had gaseous distention and, at barium 
enema, a markedly dilated, atonic colon. 
At histological examination there were de- 
fects in the muscularis, as in the previous 
case; there also was an isolated colonic 
ulcer where the muscularis was very thin. 
Beigelman et al.** found vascular changes 
in all their cases. It is of interest that 
vascular involvement may be present in the 
colon without causing symptoms during the 
disease (Case 15). Leinwand*™ found at 
x-ray examination that the barium moved 
slowly from rectum to splenic flexure; in 
some instances there were areas of narrow- 
ing with and without rigidity. He agrees 
that the x-ray appearance may be similar 
to that of ulcerative colitis, but sigmoidos- 


Fibrinoid de- 
posits in the submucosa 
External layer of 
cularis is atrophic 


Fig. 5 


mus- 
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copy usually is negative; Pagel and Treip ™* 
had a case (No. 5) with a slough at necropsy 
in the cecum associated with a thrombosed 
vessel. Arcilla et al.** observed at operation 
on their patient a “soft form” of atony of 
the bowel; at necropsy the colon contained 
an increased amount of fibrous connective 
tissue in the submucosa subserosa. 
Rosenthal ® observed in his case thickening 
of the serosa, replacement of the circular 
muscular layer by fibrillary collagen, and 
mucosal ulcerations, 

In summary, the colon presented in de- 
creasing order dilatation or sacculations,” 
11.22.58 atrophy of the 
submucosal sclerosis,**** lymphocytic infil- 
tration, and ulceration. There was a similar- 
ity sometimes with the picture of chronic 
ulcerative colitis in several instances,'®® 
24.28 but in no case was the colon involved 
in a longer segment with shortening and 
narrowing, as is usually the case in this 
latter disease. Figures 4 and 5 illustrate 
some pathological findings in scleroderma 
of the colon, 

Department of Medicine, The University of 
Chicago (37) 
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Accessory Spleen in the Tail of the Pancreas 


BELA HALPERT, M.D., and FERENC GYORKEY, M.D., Houston, Texas 


Accurate information on the frequency 
of occurrence of accessory spleen or spleens 
is desirable because knowledge of the 
functional significance of the spleen has in- 
creased and there are more frequent indi 
cations for its surgical removal.’ Over a 
period of years special search was made 
to locate accessory spleens at necropsy. A 
pilot study of 600 such necropsy records 
disclosed an over-all incidence of about 
10%.* A subsequent survey of the necropsy 
records of 1000 veteran patients revealed 94 
having accessory spleens. This latter study 
dealt with the lesions occurring in accessory 
spleens and revealed that they were identical 
with those in the main spleen. The present 
study is concerned with the number and 
location of accessory spleens in veteran 
patients, with particular reference to those 
situated in the tail of the pancreas, 


Material and Methods 


Between Oct. 1, 1949, and Dee. 22, 1956, a total 
of 2250 male patients were examined after death, 
comprising nearly 90% of those who died in the 
Veterans’ Administration Hospital, Houston, 
Texas. Of these, 1673 were white, and 577, Negro 
Accessory spleens were observed in 222 of the 
patients (161 white amd 61 Negro). All of the 
accessory spleens were measured; their number 
and location were recorded, and their identity was 
verified by microscopic examination. Particular 
attention was focused on accessory spleens in the 
tail of the pancreas. These usually are partly em 
bedded in the substance of the pancreas or are at 
times so completely surrounded by pancreatic 
tissue that their presence can be ascertained only 
on cut surfaces. While it seemed reasonable to 
assume that there should be no difference in the 
age distribution, the ages of the patients with 
accessory spleens were compared with all of those 
examined after death 
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Observations 

Of the 222 patients with accessory 
spleens, 191 had one accessory spleen, 25 
had twe accessory spleens, and 6 had three 
or more accessory spleens. The 191 solitary 
accessory spleens were located as follows: 
147 at the hilus, 31 in the tail of 
the pancreas, 6 near the hilus, 6 along the 
splenic artery, and 1 in the wall of the 
jejunum. Among the 25 patients with two 
accessory spleens, both spleens were located 
at the hilus in 19; in 3 patients one accessory 
spleen was in the tail of the pancreas and the 
other at the hilus; in 2 patients one was at 
the hilus and the other near the hilus; in 1 
patient both accessory spleens were in the tail 
of the pancreas. Of the six patients with 
three or more accessory spleens, in five they 
were located about the hilus or along the 
splenic artery, and in one there was one in 
the tail and the others near the tail of the 
pancreas. Thus, an accessory spleen in the 
tail of the pancreas was observed in 36 of 
222 patients with accessory spleens, that is, 
in slightly over 16%. 

The smallest accessory spleen was 0.2 
cm., and the largest, 4 cm. in diameter. 
Most of them were, as previously recorded, 
between 0.5 to 1.5 cm. The size of the ac- 
cessory spleens in the tail of the pancreas 
varied from 0.3 to 3.5 em. (Fig. 1); how- 
ever, half of them were about 1 cm. in 


Age Incidence of Accessory Spleens A 


Patients 
Age, Yr 
White Negro 


Unknown 
Under 40 

31-40 

41-0 

51-0 

70 

7i and over 

Total 2.2% 


4 2250 Male Patients Examined After Death 

| Total White Negro 

i 4 0 

126 12 il 1 

2 76 53 32 21 
204 3s 2 

537 i79 42 

138 10 9 1 

1673 577 222 164 58 
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ACCESSORY SPLEEN IN PANCREAS 


Fig. 1 


Accessory spleens partly or completely embedded in the tail of the pancreas 


Their 


sizes vary from 0.6 to 3.5 cm. in diameter. The capsule and the splenic pattern can be made 


out on the cut surfaces. 


diameter. Of the 37 accessory 


in the tail of the pancreas, 14 were com- 


spleens 


pletely embedded in pancreatic tissue; the 
rest were partly surrounded. 

The age 
examined after 


distribution of all patients 
death and of those with 
accessory spleen is given in the Table. The 
number of patients with accessory spleens 
varied decade by decade, almost parallel with 
the total number of patients examined. 
Microscopically, in all accessory spleens 


the splenic pattern was reproduced ac- 


curately. There was a capsule of varying 
width, with septa, Malpighian corpuscles, 
and capillaries in the pulp. Lesions, when 
present, with those in the 


were identical 


main spleen, as reported previously. In 


addition to these features, there were some 
peculiar to the spleens partly or completely 
embedded in the pancreas. In some of the 
accessory spleens in the tail of the pancreas 
the capsule was in places thin, incomplete, 


Halpert—Gyorkey 


or missing (Fig. 2) and lymphoid tissue 
was outside and adjacent to the capsule. In 
the capsule and occasionally also in the 
septa inside the 
lumina cuboidal 
structures resembling islands of 


spleen 
and 
Langer 
hans. Often a colony of islands was also 


accessory were 


lined by cells also 


observed adjacent to the accessory spleen 
near the capsule (Vig. 3) or where the 
capsule was missing (Fig. 4). In the thin 
portions of the pancreas covering the ac 
there 
lobules composed of acini or ducts and 


cessory spleen were rudimentary 


various sized groups of islet cells (Vig. 5). 


Summary 


Search 
consecutive necropsies en veteran patients 
yielded 222, i. ¢., almost 10%, One out of 
six or seven of these was located in the 
tail of the The presence of 
the anlage of the accessory spleen in the 


for accessory spleens in 2250 


pancreas, 
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Fig. 2.-Accessory spleen of a white man, aged 


41. The capsule thins gradually and disappears. 
Outside the capsule and adjacent is some lymphoid 
tissue. Same as Figure 1/). Reduced % from 
mag. & 100 


pancreas did not materially interfere with 
the development of either the lobules or 
the islands of the pancreas or with the usual 
structural pattern of the spleen. However, 


Fig. 4.—Accessory spleen in a white man, aged 
39. Groups of acim or islands of Langerhans are 
adjacent to the accessory spleen near the capsule 
and where the capsule is missing. Reduced 4 from 
mag. 100 
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Fig. 3.—Accessory spleen in a white man, aged 
39. A colony of islands is adjacent to the capsule 
Same as Figure 1C. Reduced 4% from mag. & 100 


apparently because of their juxtaposition, 
either the adjacent pancreatic tissue or the 


accessory spleen may develop incompletely. 


Laboratory Service, Veterans’ Administration 
Hospital, 2002 Holcombe Blvd. (31) 


Fig. 5.—-Accessory spleen in a white man, aged 
57. Acini or ducts and islet cells form a_ rudi- 
mentary lobule near the thin portion of the pan- 
creas, covering the accessory spleen. Keduced \% 
from mag 
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Pulmonary Arteriosclerosis of Unknown Etiology 


Report of a Case in an Infant 


We wish to report a case of pulmonary 
arteriosclerosis of unknown etiology. 
Pulmonary arteriosclerosis is usually sub 
divided into primary and secondary types. 
Primary pulmonary arteriosclerosis is diag 
nosed by exclusion; it is defined by Bren 
ner’ as diffuse proliferation of the intima 
of the arteries (especially small arteries 
and arterioles) of the lung, associated with 
hypertrophy of the right ventricle of the 
heart and absence of primary pulmonary or 
cardiac disease. Secondary pulmonary arte 
riosclerosis includes thromboembolic arterial 
disease and those diseases of the heart and 
lung believed to cause vascular sclerosis as 
a result of pulmonary hypertension, such as 
mitral stenosis, congenital heart disease, and 
pulmonary emphysema or fibrosis. 


Report of Case 


A 2%-year-old white boy was admitted to Wes 
ley Hospital on Feb. 10, 1954, because of acute 
tonsillitis. For the preceding year he had had 
frequent upper respiratory infections accompanied 
by mild dyspnea, watery nasal discharge, low 
grade fever, and tonsillar enlargement. A thorough 
physical and laboratory examination failed to re 
veal any condition other than tonsillitis. He made 
an uneventful recovery and was discharged 

He was readmitted March 12, 1954, for an elec- 
tive tonsillectomy and adenoidectomy Pliysical 
examination revealed a slightly underweight mod 
erately well-developed white child in no distress 
The lymphoid tissue of the nasopharynx and oro 
pharynx was enlarged. A roentgenogram of the 
chest was essentially normal. The hemoglobin 
value was 15.7 gm. per 100 cc.; the red cell count, 
5,025,000, and the white blood cell count, 15,000 
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cells per cubic millimeter, with 32% neutrophils, 
64% lymphocytes, and 4% monocytes. The bleed- 
ing time and urinalysis were normal. The blood 
Wassermann test was negative. The patient was 
prepared for surgery the morning following ad- 
mission 

Following premedication, the patient was given 
ether by the open drop method. Approximately 15 
minutes later he became cyanotic, respiration be- 
came slow and irregular, and the heart stopped 
beating. Intubation was established, and cardiac 
massage was quickly carried out through an in- 
cision in the left lower region of the chest. Al- 
though only a short interval had elapsed after 
cessation of the heart beat, the heart failed to 
respond to the massage and injections of epineph- 
rine 


Autopsy Findings 


Gross: The body weighed 23 Ib. 14 oz. (10.83 
kg.), compared with normal of 30 Ib. (13.6 kg.), 
and measured 37 in. (94 cm.) in length, compared 
with normal of 36 in. (91.4 cm.). The only marking 
on the body surface was the recent left thoraco- 
tomy incision. No lymph nodes or organs were 
palpable 

The main findings were limited to the heart and 
lungs. All organs including the brain were mod- 
erately to severely congested. The oral and naso- 
pharyngeal lymphoid tissue was enlarged. The 
abdominal and hilar lymph nodes were increased in 
number and size, the largest node being 2 cm. in 
greatest dimension. The heart and !ungs were 
removed together. The right ventricle was en- 
larged. The order of opening the chambers of the 
heart followed the course of circulation. The 
great vessels were in proper relationship to each 
other and with the heart. The interventricular 
septum was intact; the ductus arteriosus, closed, 
and the foramen ovale, small and anatomically 
patent. The right ventricle and atrium were di- 
lated; in contrast, the left ventricle was small. 
The coronary arteries were normal in distribution, 
location, and size; the heart valves were normal. 
The pulmonary trunk was dilated, and its circum- 

ference measured 4.5 cm., while that of the aorta 
measured 3.5 cm. The heart was removed from 
the lungs, fixed in formalin, and then cut by the 
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Fig. 1.—View of pul- 
monary parenchyma and 
of small thick-walled ar- 
tery. Note absence of 
interstitial thickening or 
fibrosis of alveolar walls 
Hematoxylin and eosin; 
reduced approximately ™% 
from mag. 180 


Hiratzka.* The standard 
right ventricular segment weighed 55 gm.; the 
standard left ventricular segment, 24 gm., and the 
ring structure, 53 gm., giving a total weight of 
132 gm. (The normal average total weight of the 
heart for a boy of this age is 58 gm.) 
of weight of the left ventricle to the right ven- 
tricle was 0.44 adults, 1.99; for 


method of Stofer and 


The ratio 


(normal for 


Cawley—Stofer 


fetuses, 1, and for an infant of this age, about 
1.4 to 1.6). 

The surfaces of the lungs were pink and smooth; 
however, owing to the thoracotomy, the lower 
lobe of the left lung was dark red and atelectatic 
and the left pleural space contained 60 ml. of 
sanguineous fluid. The left lung was less con- 
gested and smaller than the right because of atel 


Fig. 2.—Concentric in 
timal fibrosis of muscular 
artery, Verhoeff's elastic 
reduced slightly 
240. 


stain; 
from mag 
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ectasis and weighed 105 gem.; the right lung 
weighed 225 gm. The most striking feature was 
the dilatation of the pulmonary arterial system 
No gross evidence of arterial thrombosis or em 
bolization was found. The cut surface revealed 
diffuse intense congestion 

Microscopic Findings: Multiple sec 
tions of the lungs revealed severe congestion 
and distention of the alveolar capillaries; the 


Fig. 4 Longitudinal 
section of artery, showing 
polypoid lesion, Note re 
semblance to an organiz 
ing thrombus Hema 
toxylin and eosin; = re 
luced approximately 


from mag. & 220 


A. ARCHIVES OF PATHOLOGY 


Fig. 3.—Section of lung 
near bronchiole. Note 
polypoid lesions with en- 
dothelial proliferation in 
artery and capillary. Ver- 
hoeff’s elastic stain; re 
duced from mag. 
120 


alveolar spaces of the left lower lung were 
atelectatic. Some alveoli contained red blood 
cells; others, eosinophilic noncellular ma 
terial, and a few, hemosiderin-laden macro 
phages. Peribronchiolar areas of lymphoid 
tissue were prominent, and some had 
germinal centers. These areas were thought 


to be part of an acute response by the 
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Fig. 5.—Junction 
tween a muscular artery 
and capillary 
endothelial proliferation. 
Phosphotungstic acid 
hematoxylin; reduced 
slightly from mag. * 220 


exhibiting 


lymphoid tissue (naso- and oropharyngeal, 
hilar, and abdominal) to a systemic infee- 
tion. No fibrosis or scarring was present in 
these lymphoid areas or elsewhere in the 
lungs (Fig. 1). The main pathologic find- 


Cawley—Stofer 


ing was marked endothelial and intimal 


proliferation and organizing thrombi of 


many of the small muscular arteries and 


The 


involved arteries ranged from about 100» 


arterioles. external diameter of the 


Section of a 
revealing 
hyaline or “fibrinoid-like” 
material of the wall and 


Fig. 6 


small artery, 


partial obliteration of 


lumen. Hematoxylin and 
eosin; reduced from 


mag. * 220 
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to 500u. In some of the muscular arteries 
the intima was concentrically thickened, 
being two to three times as thick as the 
media (Fig. 2). Reticulum stains disclosed 
these strands to be in part composed of 


‘| 
Fig. &—Thrombus of 


small muscular artery 


Note thinning of media 
and disruption of internal 
elastic membrane. Tolui- 
dine blue; reduced % 
from mag. * 220 
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Fig. 7 Organizing 
thrombus in a small mus- 
cular artery. Note sub- 
endothelial hyalinization 
and obliteration of the in- 
ternal elastic membrane. 
Hematoxylin and eosin; 
reduced 4% from mag 
« 240. 


reticulin fibers. Van Gieson’s stain showed 
thin concentric fibers within which cell 
bodies were enmeshed. In a few muscular 
arteries the thickened intima was eccentric 
and polypoid or papillary (Figs. 3 and 4). 
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Not infrequently these changes were seen 
at the junction of a muscular artery and 
capillary, and the proliferated endothelium 
appeared to extend into the capillary (Fig. 
5}. Subendothelial hyaline changes were 
occasionally present at these junctions and 
in the walls and intima of sclerotic muscular 
arteries (Fig. 6). These areas, when 
stained for fibrinoid as described by 
Altshuler and Angevine,’ gave inconclusive 
results. An occasional small artery was 
partially filled with an organizing thrombus 
(Figs. 7 and 8). Some or all of the different 
features of arterial lesions described above 
were found in a few arteries. In_ serial 
artery was traced 
through several sections and was seen to 
undergo a series a localized changes con- 
sisting of endothelial proliferation and 
thrombus formation with organization. The 
arterial lesions were of various ages, as 
manifested by different degrees of organiza- 
tion and hyalinization. In view of these 
findings the arterial lesions are believed to 
be organizing thromboemboli. 

The arterial lesions described above were 
limited to the lungs. Hilar and abdominal 
lymph nodes had intense reticular and fol- 
licular hyperplasia. The other organs were 
normal except for moderate to severe con- 
gestion. 


sections an occasional 


Comment 
Although the findings in this case are 
consistent with the requirements given 
above for the diagnosis of primary pul- 
monary arteriosclerosis, for reasons to be 
believe that this may 
likely be an example of secondary rather 


discussed later we 


than primary arteriosclerosis. 
In a review of the literature in 


1952, 
Parmley and Jones* found only 28 cases 
that they considered acceptable examples of 
primary pulmonary arteriosclerosis, and they 
reported three cases of their own. Of the 
31 patients, 18 were female and 13 were 
male; the average age of death was 36 years 
(range, 10 to 74 years). 

It is generally agreed that pulmonary 
hypertension is involved in the pathogenesis 


Cawley Stofer 


of hypertrophy of the right ventricle. The 
probable explanation for the increased pul- 
monary pressure is increased peripheral 
resistance within the small pulmonary ar- 
teries. Goodale and Thomas,® who reported 
on primary pulmonary arteriosclerosis in 
two patients, 6 months old and 10 years 
old, stressed the persistence of the thickened 
media as in fetal arteries; they believed that 
the thickened media caused increased re- 
sistance which resulted in pulmonary 
hypertension and was followed by intimal 
fibrosis. In cases of aortic hypoplasia, Gold * 
believes the dilated pulmonary arterial 
system results from unequal division of the 
truncus arteriosus communis during the 
development of the heart and in time leads 
to pulmonary hypertension. He regards the 
arteriosclerosis as secondary to the hyper- 
tension. Brill and Krygier? and Parmley 
and Jones * proposed that the mechanism for 
pulmonary hypertension in primary pul 
monary arteriosclerosis might be somewhat 
analogous to essential systemic hypertension 
and the arteriolar lesions secondary to the 
hypertension. It is not clear how this could 
develop unless a circulating vasopressor act 
ing principally on the lesser circulation is 
postulated. 

A nervous mechanism operating to pro- 
duce medial hypertrophy and hyperplasia 
and intimal proliferation of pulmonary ar 
teries in the cat was reported by Kell, 
Henningar, and Hoff,* who produced these 
pulmonary arterial changes by electrical and 
chemical stimulation of central sympathetic 
centers. They attributed their findings either 
to vasoconstriction or to pooling of blood in 
the lesser circulation or to a combined effect 
of these conditions. 

Evidence of syphilis, according to Leo 
pold,® is often found in the aorta of persons 
with pulmonary arteriosclerosis. For many 
years syphilis was frequently incriminated 
as the underlying cause of primary pulmo- 
nary arteriosclerosis, but this causal ex- 
planation is now rarely accepted, and the 
term “Ayerza’s disease” should not be used. 

The similarity of the morphologic changes 
of the anteriolar lesions in our case and in 
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fibrinoid lesions of “collagen disease” is 
interesting.’ Involvement of the lungs only 
and absence of inflammatory infiltrate? 
and of significant fibrinoid in the arterial 
lesions are believed to be reasons for ex- 
cluding vascular hypersensitization or peri- 
arteritis nodosa in our case. 

Castleman and Bland"; Muirhead, 
Montgomery, and Owen, 
Thomas, Castleman, and Bland,’ and others 
have placed considerable importance on the 
similarity between organizing emboli or 
thrombi and the vascular lesions of primary 
pulmonary arteriosclerosis. These authors 
have proposed latent embolization or throm- 
boembolic phenomena as etiologic explana- 
tions implying a secondary mechanism 
rather than a primary one, O'Neal and 
Thomas recently reviewed 90 cases of 
congenital heart disease and found that 
pulmonary arteriolar thrombi were as 
frequent in patients with left-to-right shunt 
as in those with pulmonary stenosis. Since 
potential sources for emboli were found in 
12 cases, an embolic origin of the arteriolar 
thrombi is strongly suggested. 

Intravenous injection of a variety of 
particulate matter, such as amniotic fluid 
debris, Lycopodium seeds, fibrin, cotton 
fibers, filter-paper fibers, and clotted blood 
fragments, will produce pulmonary arterial 
lesions and right ventricular hypertrophy in 
experimental animals, not unlike those seen 
in primary pulmonary arterial disease.’**! 
The morphologic similarity of experimental 
pulmonary arterial lesions and in arterial 
lesions in our case is striking. Whether or 
not the organizing arterial thrombi of our 
patient originated in situ or were of embolic 
source cannot be answered, but no source 
of pulmonary emboli was found at autopsy. 
Although we do not know the mechanism 
of thromoembolism in our case, we believe 
that it was responsible for the pulmonary 
hypertension. 

The role of pulmonary hypertension in 
the pathogenesis of the arterial lesions in 
pulmonary arteriosclerosis may have been 
overemphasized. Thomas and associates ** 
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P centile Causes and Mechanisms of Increased 
Peripheral Resistance in Etiology of Pulmonary 
Arteriosclerosis, Excluding Congenital and 
Valvular Heart Disease and Chronic 
Lung Disease 


A. Congenital 
1. Persistence of fetal arterial media 
2. Dilatation of arteries of the pulmonary system from 
unequal division of the truncus arteriosus communis 
during development of heart 


B. Mechanical 
1. Thromboembolic endarteritis 
C. Infectious or allergic 
1, Reactive endothelial proliferation secondary to subendo- 
thelial sensitization 
2. Syphilis 
D. Nervous 
1. Excessive spasm of pulmonary arterioles resulting from 
overactivity of central sympathetic centers 
E. Hormonal 


1. Cilreulating vasopressor acting principally upon the 
lesser circulation 


produced pulmonary hypertension in rabbits 
by intravenous injections of small plastic 
beads and were unable to find arterial 
intimal hyperplasia in the lungs; they con- 
cluded that the lesions in experimental pul- 
monary arteriosclerosis resulted from 
organizing thromboemboli and not from 
pulmonary hypertension. 

The possible causes of increased periph- 
eral resistance in the etiology of pulmonary 
arteriosclerosis are listed in the Table. In 
a few examples of primary pulmonary 
arteriosclerosis reported in infants and 
children the congenital explanation seems 
logical, if other causes can be ruled out. 
In many cases, however, thromboembolic 
arterial sclerosis appears to be a rational 
explanation. Under these conditions the 
pulmonary sclerosis is secondary rather than 
primary. 


Summary 

The occurrence of pulmonary arterio- 
sclerosis is reported in a 2! -year-old boy 
who died suddenly during ether anesthesia. 
The pulmonary arteriosclerosis was un- 
suspected clinically and was net diagnosed 
until autopsy. 

Attention is drawn to the similarities of 
the arterial lesions in our patient to those in 
experimental pulmonary thromboembolic 
arterial disease. It is believed that the intimal 
papillary lesions of the arteries in our 
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patient organizing thrombi or 
emboli. From these initial lesions pulmonary 
hypertension developed, leading to hyper- 
trophy of the right ventricle. 
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Introduction 


In the course of studies of the response 
of the liver to injury, the serial changes in 
the rat liver following acute carbon tetra- 
chloride poisoning have been used as the 
“type injury.”' It has been found that 
cortisone has profound effects upon the heal- 
ing of the lesion by reducing mitosis, nucleic 
acid synthesis, and inflammatory-cell infiltra- 
tion, without delaying cytoarchitectural 
restoration at the expected time.* Within 
recent years an antagonism has been sug- 
gested between cortisone and growth hor- 
*4 The present report deals with the 
effects of growth hormone * upon the acute 
hepatic necrosis of CCl, poisoning. The 
results show that growth hormone (STH) 
has marked effects upon the healing pattern, 
without delaying cytoarchitectural restora- 
tion, Some of its effects are the opposite 


mone, 


of those of cortisone. 


Methods 


Six-week-old male Wistar rats, weighing about 
200 gm., were fed Purina Checkers ad libitum and 
were caged separately. One group (A) served 
as diet controls and received neither CCl nor 
STH. A second group (B) received 50y per rat 
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per day of a purified growth hormone f intra- 
muscularly for seven days. A third group (C) 
received 0.066 cc. of CCk in liquid petrolatum 
U. S. P. per 100 gm. of body weight, intraperi- 
toneally, and animals were killed 48, 72, and 120 
hours later. A fourth group (D) received STH 
for seven days, as in Group B, and then CCl in 
the manner employed in Group C. The injections 
of STH were continued during the period after 
CCl administration, until the time the animals 
were killed, 48, 72, and 120 hours later. The livers 
of all rats were studied histologically, cytochemi- 
cally, and chemically, as described elsewhere.’ 


Results 


All animals survived the experimental 
procedures and thrived. 

Histological Study 

Group A.—No CC or STH. 

These 28 rats had normal livers (Fig. 
1A). 

Group B.—STH, no CCl. 

These 12 rats had normal livers except 
that there was about one mitotic figure per 
high-power field (Fig. 1B). 

Group C.—CCk, no STH. 

Forty-Eight Hours (23 rats): There was 
centrilobular necrosis involving one-third to 
one-half of the lobular radius with mono- 
nuclear- and polymorphonuclear-cell infiltra- 
tion of the area. The surviving cells were 
vacuolated, and there were about four mi- 


+ Purified growth hormone (Lot No. D674-010) 
was obtained from Armour & Co. as a light, fluffy 
powder. Twenty-five milligrams was dissolved in 
50 cc. of a soiution made of 1 part of 0.1 M 
NasCOs and 4 parts of 0.1 M NaHCO, (pH 9.4). 
One-cubic centimeter volumes of the resulting solu- 
tion were transferred to tubes and were stored in 
the frozen state. When needed, each sample was 
diluted to 10 cc. with distilled water, so that the 
solution contained 50y per cubic centimeter. Each 
treated rat received 1 cc. intramuscularly, daily 
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LIVER RESPONSE TO INJURY 


Fig. 1—Group A: No CCl, or STH. The liver is normal. 

Group B: STH; no CCl. The liver is normal. One mitotic figure is seen (arrow). 

Group C48:CCkL; no STH. Rat killed after 48 hours. Marked centrilobular necrosis is 
seen, with inflammatory-cell infiltration. There are four mitoses (arrows) among the surviv- 
ing cells. 

Group D48: STH+CCk. Animal killed after 48 hours. The degree of centrilobular necro- 
sis is less than that seen in C48. Three mitoses (arrows) are seen among the surviving cells. 

C. V. indicates central vein. Giemsa stain; reduced approximately 4% from mag. & 250. 
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Fig Group C72:CCl; no STH. Animal killed after 72 hours. The area of necrosis 
is filled with new liver cells and a latticework of reticulum and some mononuclear cells 
Group D72:STH+CCk. Rat killed after 72 hours. The central area is filled by a heavy 
infiltrate of large mononuclear cells and fibroblasts. Five mitoses (arrows) are seen among 
the adjacent liver cells. There is marked pleomorphism of liver cells, and many are multi- 
nucleated. 
Group C120:CCl.; no STH. Animal killed after 120 hours. The liver is normal and con- 
tains some binucleated liver cells 
Group D120:STH+CChk. Animal killed after 120 hours. The liver is normal and contains 
some binucleated liver cells 
Giemsa stain; reduced approximately % from mag. 250 
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LIVER RESPONSE TO INJURY 
totic figures per high-power field (Fig. 
1C48). 

Seventy-Two Hours (9 rats): The area 
of necrosis was replaced by a lattice of 
reticulum and mononuclear cells. Many 
small liver cells with granular cytoplasm 
filled in much of the area of necrosis. Occa- 
sional mitoses were seen in the surviving 
cells (Fig. 2C72). 

One Hundred Twenty Hours (10 rats) : 
At this time, except for some binucleated 
liver cells, the livers were normal (Fig. 
2C120). 

Group D—STH +CCh. 

Forty-Eight Hours (10 rats); The livers 
were similar to those in Group C, 48 hours 
after CCl,, that the extent of 
necrosis was less and the inflammatory infil- 


except 


trate consisted of large mononuclear cells. 
No polymorphonuclear elements were seen. 
There were about three mitoses per high 
power field among the surviving cells (lig. 
1D48). 

Seventy-Two Hours (7 rats): The area 
of centrilobular necrosis was packed with 
masses of large mononuclear cells and fibro- 
blasts. These cells streamed out beyond the 
central zone and extended into the adjacent 
portions of the lobule. The surviving liver 
cells contained over four mitotic figures per 
high-power field. Great pleomorphism of 
liver nuclei Many of the liver 
cells were multinucleated, with as many as 
six nucleoli per A few 
cells remained central 
2D72). 

One Hundred Twenty Hours (10 rats): 
At this time eight of the animals had livers 


was seen. 


necrotic 
(Fig. 


nucleus. 
in the area 


Liver 
Wt., 
Gm. 


Groups 


A: Control 4.01 


B: Control+-S8TH 
Cc: CCl. 


after CCl. 
after CCl, 
after CCl, 
+8TH 
after CC 
. after CC 
. after CCl 


O85 
0.9% 


BE < 


140 
1.15 
0.92 


Ses 


1.45 
1.77 
1.62 


1 


oor 


* DNAP, 8. E. 
Mg. 


which were essentially normal, except for 
some binucleated liver cells. The remaining 
two animals showed the persistence of a few 
inflammatory cells about the central vein 
and occasional mitotic figures. The marked 
inflammatory infiltrate noted at 72 hours had 
disappeared (Fig. 2D120). 

Spectro photometric-C ytochemical 

The nuclear-class distribution of normal 
rats was not changed by one week of STH 
treatment, even though mitoses were fairly 
common. 

Following CCl, poisoning, the control rats 
(Group C) showed marked polyploidy at 
48 hours, with some lessening thereafter. 
However, polyploidy persisted at 120 hours. 

In the STH-treated group (D)_ the 
marked polyploidy was observed at 72 hours, 
with a decline therein at 120 hours. 

Chemical 

The administration of STH to healthy 
growing rats was associated with a signifi 
cant increase in the deoxyribonucleic acid 
(DNAP) and ribonucleic acid P (RNAP) 
contents of the liver (Table). In addition, 
the liver size was increased in those animals 
receiving STH. 

Following CCl, poisoning, the control rats 
(Group C) showed a rise in nucleic acids at 
48 hours, with a decline to preinjury levels 
by 120 hours. The peak levels of DNA 
and RNAP were 65% and 36%, respec 
tively, above preinjury levels. 

In the animals treated with STH (Group 
D) following CCl, poisoning, there was a 
rise to maximal levels at 72 hours. At this 
time DNAP and RNAP were 81% 
35%, the 


and 


respectively, above preinjury 


Frequency Distribution of 
Nitro- Nuclear Classes: % of Group 
con, 
Me/Mg 2 4 


0.141 
0.136 


RNAP, 8. E 
7/Mg. Mean 


16 


0.10 
0.10 


O11 
0.16 
0.14 


0.24 
0.19 
O15 


72 


of 


* This figure represents the dry residue after several extractions with cold trichloroacetic acid (TC A) and ether-aleohol,+ 
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> 
Analyses of Lwer Tissue ee 
Rats 
12 9.30 0.04 5.36 23 74 3 
0.03 6.20 0.128 1 75 
721 ” 10.40 0.05 4.68 0.131 2 9 
120 br 10 9.51 4.50 0.124 1 13 
ce 
48 ber 9.30 0.08 5.07 0.131 77 
72 br 7 12.06 7.21 0.164 1 
120 hr 10 0.06 5 0.135 2 7 
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levels. At 120 hours these nucleic acids were 
still above preinjury levels. 

The tissue nitrogen values were un- 
changed, per unit of dry weight of tissue. 


Comment 


The effects of STH upon the CCl, injury 
may be summarized as follows: (1) The 
degree of necrosis was reduced appreciably, 
and (2) the regenerative response was ex- 
aggerated. There was a marked increase in 
the degree of mononuclear inflammatory- 
cell infiltration; the nucleic acid increment 
was increased; the mitotic activity was 
greater, and nuclear polyploidy was more 
marked when compared with the controls. 
Although this regenerative reaction was in- 
creased, the time of maximal regenerative 
activity was delayed significantly, from 48 
to 72 hours. Yet at 120 hours cytoarchitec- 
tural restoration was achieved, as in the 
controls. 

These findings are in keeping with earlier 
reports of some of the properties of STH. 
Li® has reviewed the effects of STH in 
increasing hepatic nucleic acid and in the 
stimulation of proliferation of lymphoid 
tissue. Cornatzer et al. have shown in- 
creased nucleic acid synthesis after STH 
administration. Leuchtenberger et al.? have 
shown that nuclear polyploidy, absent in the 
livers of mice with hereditary dwarfism, 
may be induced by giving STH. Lastly, the 
long-term administration of STH has been 
associated with the production of tumors.®* 
In the short-term experiments reported 
herein, there are evidences of exaggerated 
growth, in the form of greatly increased 
regenerative activity. However, a check 
occurred which abruptly stopped these phe- 
nomena. 

Selye has described the antagonisms be- 
tween STH and cortisone. He has reported 
that STH counteracted the effects of corti- 
sone upon splenic, thymic, and adrenal size, 
as well as upon inflammation.’ In addition, 
he found a striking antagonism between 
STH and hydrocortisone in their action 
upon the necrosis produced in the rat “gran- 
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uloma pouch” by croton oil. He ascribed 
the STH protection to its stimulation of 
the proliferation of granulomatous tissue.* 

The previously reported studies? from 
this laboratory on the effects of cortisone 
upon acute CCl, hepatic necrosis, along with 
the present report, are in harmony with 
Selye’s concept. Cortisone inhibited mitosis, 
nucleic acid synthesis, nuclear polyploidy, 
and inflammatory-cell infiltration. All of 
these processes were stimulated by STH. 
While the experimental conditions described 
are quite unphysiological with regard to the 
dosage levels of cortisone and STH em 
ployed when compared with those occurring 
in vivo, it is possible that these antagonistic 
hormone systems play controlling roles in 
regeneration. Thus, it may be that under 
the influence of STH the regenerative re 
sponse is stimulated, only to be cut off by 
an overstimulated adrenal gland, which se 
cretes the inhibitory cortisone. It is of 
interest that prednisone exhibits none of 
the inhibitory effects of cortisone upon re- 
generation when tube fed at a dose of 5 mg. 
per rat per day.® 

It is noteworthy that healing occurred 
during the suppression of regeneration in- 
duced by cortisone and during the stimula- 
tion of regeneration induced by STH. While 
each produced profound changes in the 
healing pattern, at 120 hours the livers were 
healed, histologically. It is possible that 
these healed livers are further altered from 
those of control rats 120 hours after in- 
jury.’” This possibility has not been 
explored. 


Summary 


1. The administration of growth hormone 
before and after acute CCl, hepatic injury 
markedly exaggerated the inflammatory-cel! 
infiltration and regenerative response (mito- 
sis, nuclear polyploidy, and tissue nucleic 
acid synthesis) in the rat liver. The degree 
of hepatic necrosis was less in STH-treated 
animals. 

2. Cytoarchitectural restoration was nei- 
ther delayed nor hastened by growth 
hormone. 


Vol. 64, Sept., 1957 


pr 


LIVER RESPONSE TO INJURY 


3. Under the conditions of these experi- 
ments, some of the effects of growth 
hormone were opposite those previously re- 
ported for cortisone. 

Research Service, Third (New York Univer- 
sity) Medical Division, Goldwater Memorial Hos- 
pital, Welfare Island (17) 
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Responses of the Liver to Injury 


Effects of Previous Injuries and Age upon the Healing Pattern After Acute 


Carbon Tetrachloride Poisoning 


New York 


Introduction 


This report is part of an investigation of 
the responses of the liver to injury. In 
earlier studies it was found that the acute 
hepatic necrosis in the rat, following CCl, 
administration, through 
sharply defined stages and was healed after 
120 hours. Eight weeks after such an in 
jury, the liver was normal histologically 


passed several 


except for the presence of some binucleated 
liver cells. However, at this time there was 
a persistence of nuclear polyploidy of the 
liver cells.’ If, at this time the organ was 
injured a second time, its reparative re- 
sponse was altered. There was a delay in 
the time of maximal regeneration, as well 
as in the completeness of healing, at 120 
hours. These findings indicated that even 
though cytoarchitectural restoration was ac 
complished after the first injury, the organ 
remained altered biologically for a long time 
thereafter? 
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Taste 


No. Rats 


Groups 


No. Injuries 


A 4 0 
B 3 2 
19 i 
dD 4 3 


JOSEPH POST, M.D.; MARION 8B. HIMES, Ph.D.; ALICE KLEIN, B.A., and JOSEPH HOFFMAN, M.D., 


Data on Groups of 


Ages When Injured with CCI, 


The present studies were undertaken to 
investigate the effects upon the healing 
pattern of the organ of a third hepatic 
injury, induced eight weeks after the second 
injury had healed histologically. The re- 
sults showed that healing was altered further 
in these animals. In addition to the effects 
of the previous injuries, the age of the 


various groups of animals influenced the 
healing of the injured livers. 
Methods 
Male rats were obtained from the Wistar 


Institute in Philadelphia, fed Purina Checkers ad 
libitum, and caged separately 
as shown in Table 1. 

All animals survived the experimental 
cedures. The were studied histologically, 
cytochemically, and chemically, as described else- 
where.’ 


They were grouped 


pro 
livers 


Results 


Histological Findings.—-All of the livers 
of Group A were normal (lig. 14). The 
livers of Group B were normal except for 
the presence of some binucleated liver cells 
(Fig. 1B). 

Forty-Eight Hours After CCl: The 
livers of Group C showed centrilobular ne 
crosis involving one-third to one-half of the 
lobular radius, with infiltrations of poly 
morphonuclear and mononuclear cells. Some 


of the surrounding cells were vacuolated, 


Rats Based on Liver Injuries 


Ages When Killed 


21 wk. 
8, 16 wk. 2 wk 
24 wk. * 24 wk.+2, 3, and 5 days 
8, 16, 24 wk. * 24 wk.+2, 3, and 5 days 
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* In Groups C and D the rats were killed 48, 72, and 120 hours after the administration of CCl . 
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Fig. 1—Group A: No CCk. ¢ ‘sseentral vein. The liver is normal 

Group B: CCl, at 8 and 16 weeks of age. The liver is normal except for the presence 
of some binucleated liver cells 

Group C48:CCl, at 24 weeks of age. Rat killed after 48 hours. Marked centrilobular 
necrosis and inflammatory-cell infiltration are seen. Four mitoses are noted (arrows) in 
the surviving cells 

Group D48:CCl, at 8, 16, and 24 weeks of age. Rat killed after 48 hours. The liver is 
similar to that in C48 except that only one mitosis (arrow) is seen in the surviving cells 

Giemsa stain; reduced approximately % from mag. 250 
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Group C72:CCk at 24 weeks of age. Rat killed after 72 hours. The necrotic 
cells are largely replaced by new liver cells and inflammatory cells. There are three mitoses 
(arrows) in the surviving cells. Reduced approximately % from mag. X 250. 

Group C120:CCl, at 24 weeks of age. Rat killed after 120 hours. The central area is not 
completely healed. Inflammatory cells remain, along with occasional mitoses. The general 
architecture is restored. Reduced approximately % from mag. X 46 

Group D72:CCk at 8, 16, and 24 weeks of age. Rat killed after 72 hours. There are 
four mitoses (arrows) in the surviving cells. The liver is similar to that of Group C48 
Reduced approximately %4 from m x 250. 

Group Di20:CCk at 8, 16, and 34 weeks of age. Killed after 120 hours. Healing is 
incomplete. There are pericentral fibrosis and early nodule formation. Reduced approximately 
from mag 
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and others showed about four mitoses per 
high-power field (Fig. 1C48). The livers 
of Group D were similar in all respects to 
those of Group C except that they showed 
fewer mitoses, usually less than one per 
high-power field (Fig. 1D48). 

Seventy-Two Hours: The livers of Group 
C showed replacement of the necrotic cells 
by new liver cells and large numbers of 
mononuclear cells. A few necrotic cells re- 
mained in the livers of two of seven rats. 
The surrounding cells showed two to three 
mitoses per high-power field (Fig. 2C72). 
The livers of Group D were similar to those 
at 48 hours, except for the presence of 
about four mitoses per high-power field 
(Fig. 2D72). 

One Hundred Twenty Hours: The livers 
of Group C showed the presence of new 
liver cells and many mononuclear cells in 
the central zone. In the surrounding area 
mitoses were seen every two or three high- 
power fields. There were many multinucle- 
ated liver cells in the periportal areas. 
Healing was incomplete ( Fig. 2C120). 

The livers of Group D, at this time, 
showed incomplete replacement of the cen- 
tral area of necrosis by liver cells. In 
addion, there were many mononuclear cells, 
along with loose connective tissue in the 
central zone. Often the strands of connec- 
tive tissue, in addition to forming a peri- 
central collar, extended out to other central 
areas. Many of the liver cells were multi- 
nucleated. There were one to two mitoses 


per high-power field. The reticulum was 


Nuclear Classes 


4 


73 
‘ 

24 
(Group A) 


* Per cent of 200 nuclei counted, 


collapsed in those areas of connective tissue 
concentration (Fig. 2D120). 

Cytochemical Findings—The nuclear- 
class distribution of Group A differed from 
that observed for 8- and 16-week-old rats 
of the same stock fed the same diet,’* dem- 
onstrating a shift from Class 2 to Class 4 
(Table 2). 

The livers of Group B showed a striking 
degree of nuclear polyploidy eight weeks 
after a second CCl, injury (Table 3). 

The serial changes in polyploidy in Group 
C showed a shift from control levels (A) 
to higher classes at 48 hours, but the most 
marked shift was at 72 hours, with some 
decline in polyploidy at 120 hours. 

In Group D, at 48 hours, there was no 
shift in polyploidy from the control Group 
B. By 72 hours the maximal shift had 
occurred, and this persisted at 120 hours. 

Chemical Findings. 
A and B contained amounts of 
nucleic acids and nitrogen (Table 3). Group 
A served as control for Group C, and 
Group B served as control for Group D. 


The livers of Groups 
similar 


TasLe 3.—Analyses of Liver Tissue 


Liver Per Cent Per Cent* DNAP 
Bod 


Groups 
Gm. 


A 
24 wk.—No CCl, 


24 wk.—CCl, at 8, 16 wk 


( 
CCl, at 24 wk. 
48 br. after CCl, 
72 br. after CCl, 
120 br. after CCl, 
) 


I 

CCl, at 8, 16, 24 wk. 
48 hr. after CC 
72 hr. after CC 
120 hr. after CC 


1. 
le 


. Frequency Distribution 
of Nuclear Classes, 
RNAP Nitrogen 


Per Cent of Group 
. Dry Wt. Dry Wt. —— 
y/Me. Me/Me. 2 4x 8x 16 Xx 


0.141 13 2 0 
0.144 
0.141 


0.129 
0.133 


* This figure represents the residual dry weight after cold trichloroacetic acid (TC A) and ether-alcohol extractions. ' 


Post et al 


Taste 2.—Frequency Distributions* of | tepatic- 
Cell Nuclear Classes as Related to Animal Ages “eles 
Ages, Wk. 2 8 
2 
2 
2 
i 
4 
wt y/Me 
3 12.35 2.0 22.5 1.04 4.08 
6 13.42 4.32 13.8 1.53 5.25 > Be 
12.31 3.70 15.4 1.59 6.87 0 74 2 
7 10.62 3.21 17.9 1.43 5.59 1 9 0 
h 12.31 3.88 14.5 1.9 6.39 0.135 3 79 is 
4 10.23 3.50 17.1 1.80 7.08 0.136 15 17 0 
i 


The livers of Group C showed a rise in 
deoxyribonucleic acid P (DNAP) and ribo- 
nucleic acid P (RNAP) of 44% and 33%, 
respectively, at 48 hours; then 50% and 
73%, at 72 hours. From this peak the 
nucleic acids fell off at 120 hours to incre 
ments of 35% and 40%, respectively, for 
DNAP and RNAP. The nitrogen values 
fell only 10% at 72 hours. 

The livers of Group D showed 430 and 
30% rises for DNAP and RNAP, respec 
tively, at 48 hours, and from then on the 
increments became larger, so that at 120 
hours they were 73% and 75%, respectively. 
The nitrogen values were not altered. 

It is of interest that in both Group C and 
Group D the per cents dry weight remained 
reduced throughout the period of the experi- 
ment and did not return to their respective 
control levels.’ 


Comment 


Previous studies showed that a single 
injury to the liver produced profound bio 
logical changes in the organ long after 
histological restoration was achieved. The 
clue to this altered biological state was the 
presence of increased nuclear polyploidy, 
eight weeks after histological healing.' The 
altered biological state was manifested in 
the delayed healing response to the second 
injury. Thus, at 120 hours, when their 
once-injured controls showed histological 
restoration, the twice-injured livers were at 
the stage of healing achieved by their con 
trols at 72 hours.*? The present experiments 
have shown that if a third injury is induced 
eight weeks after the second, the healing 
pattern is altered markedly. While the once 
injured animals had their maximal mitotic 
activity at 48 hours, it occurred at 72 hours 
in the thrice-injured animals. At 120 hours, 
when the once-injured animals showed 
marked but incomplete restoration, the 
thrice-injured animals showed heavy infil 
tration with mononuclear elements sur- 
rounded by collars of loose connective tissue 
in the pericentral zone. Often the connective 
tissue extended out to other central areas, 
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with the beginning of nodule formation, 
suggesting early hepatic cirrhosis. Multi- 
nucleated liver cells were common. This 
pattern was probably the result of incom- 
plete restoration of destroyed liver cells 
with collapse of supporting reticulum, along 
with proliferation of inflammatory elements. 

The changes in tissue nucleic acids dif- 
fered in the two groups. From comparable 
starting levels, the once-injured controls rose 
to peaks at 72 hours and then fell off, but 
remained above their preinjury levels. On 
the other hand, the nucleic acids of the 
thrice-injured livers were still rising at 120 
hours. 

The nuclear polyploidy of both groups of 
livers was most marked at 72 hours and fell 
off at 120 hours. These findings demon 
strate that not only was there an increasing 
deficit of the regenerative capacity of the 
organ, but the character of the response was 
altered. Thus, the nucleic acid synthesis 
after three injuries was greater than after 
one or two injuries, and it was more sus 
tained. Furthermore, the character of this 
increased nucleic acid synthesis is of some 
interest. After one or two injuries, the 
DNAP increments greatly exceeded those 
of RNAP! (Table 4). However, after 
three injuries the RNAP increments equaled 
or exceeded those of DNAP. This indicates 
that a new hepatic-cell population was evolv- 
ing, which contained a different DNAP: 
RNAP relationship. As will be discussed 
below, this may be related, in part, to the 
age of the animals. It is likely that this new 
DNAP:RNAP relationship was associated 
with altered cellular metabolism. These data 


Taste 4.—Percentage Increments of Hepat 
Nucleic Acids in Rats of Various Ages 
After One, Two, and Three Injuries 


48 Hr. 72Hr. 120 Hr, 


Groups After CCl, 
16 wk.—One injury { 4 a3 
24 wk.—One injury { 
Three injuries { DNAP 73 
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point to the evolution of a changed hepatic- 
cell population after injury, As suggested 
elsewhere, it is possible that the growth 
potential, as well as the life span, of such 
cells is altered.* These problems are under 
investigation in this laboratory. 

In addition to the effect of previous in- 
jury upon the healing response, it is evident 
that the age of the animal is an important 
factor in this phenomenon. In the previous 
when &- and 16-week-old animals 
were subjected to a_ single injury, their 
histological and 
complete cytoarchitectural restoration was 
On the other hand, 
in 24-week-old rats, healing was not com 
plete at 120 hours. Another point of differ 
ence was that the peak of nuclear polyploidy 
was observed at 48 hours in the &- and 16- 
week-old rats, whereas in the 24-week-old 
animals this did not occur until 72 hours 
after CCly. Finally, the changes in nucleic 
acids differed according to the ages of the 
animals. In the 8 
the per 


responses were similar, 


observed at 120 hours. 


and 16-week-old animals, 
DNAP always 
exceeded that in RNAP. However, in the 
24-week-old rats, the RNAP increment was 
equal to or exceeded that of DNAP at 72 
and 120 hours (Table 4). 

It is interesting to speculate upon the 
significance of these data. One finding 
which differentiated the 24-week-old unin 
jured animals from their 8- and 16-week-old 
counterparts was the shift in nuclear ploidy 
which was observed at 24 weeks (Table 2). 
This change in nuclear ploidy with advance 
ing age has been reported in human and 
animal tissues.** 


cent increase in 


Similarly, nuclear poly 
ploidy, although more marked, was a feature 
of the livers of rats which had been injured 
previously, either once! or twice? Is it 
possible, then, that the altered healing pat- 
tern observed in these various groups of 
animals is related to the common factor of 
nuclear polyploidy’ If there is any validity 
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in this concept, nuclear polyploidy is a cellu- 
lar characteristic associated with complex 
metabolic alterations. 


Conclusions 


1. Successive injuries to the liver, sepa 
rated by intervals of healing, are associated 
with an increasing deficit in its restorative 
capacity, 

2. Age is a major determinant in the heal 
ing pattern after acute hepatic injury. Six 
month-old animals heal more slowly than do 
two-month-old animals, 

3. The change in nuclear-class distribu 
tion of the liver cells, which is observed 


with advancing age or after injury, is asso 


ciated with altered healing patterns after 
acute hepatic injury, 
Third (New York University) 


sion, Goldwater Memorial 
land (17) 
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Whether in the end all malformations are 
brought about by the same simple mechanism as 
alteration in the amount of oxygen or some other 
gas remains to be demonstrated 

F. P. Matt, 1908' 

Since the beginning of the century, 
numerous experiments of Mall, Stockard,’ 
Warkany,® Wilson,* Ingalls,® and others ** 
have shown that disturbances of the en 
vironment which interfere with the oxygen 
supply to the young embryo are responsible 
for a large share of malformations in the 
mammalian fetus. Reduction of oxygen 
supply to embryonic tissue decreases met 
abolic processes, and the rate of growth 
is diminished or temporarily arrested. The 
earlier the arrest, the more pronounced is 
the effect. Temporary cessation of growth 
may be followed by a resumption of normal 
growth or an aberration in development, 
depending on the specific period in organo- 
genesis at which the arrest has occurred. 
Malformations of the cardiovascular system 
have been produced by various experi 
mental methods.”"* Fundamentally, how- 
ever, all the anomalies obtained fall into 
one group, representing a persistence of 
fetal conditions due to arrest of develop 
ment at different stages. If anoxia of the 
fetal tissues causes arrest of growth and 
malformations consisting of a persistence 
of fetal communications, then hyperoxia 
should lead to an overgrowth of cardiac 
tissues, which may be generalized or selec 
tive, producing obstructed flows or nar 
rowed passages.'® It has been shown that 
the presence of high oxygen concentrations 
in the respiratory atmosphere of premature 
infants may lead to retrolental fibroplasia. 
In laboratory experiments of Patz and co 
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workers,'® no ocular susceptibility could be 
detected once the animal had attained vas- 
cular maturity. However, conclusions 
drawn from clinical or experimental hyper- 
oxygenation as the etiologic factor in 
retrolental fibroplasia cannot be directly ap- 
plied to explain increased oxygenation of 
the fetus in utero. A possible explanation 
for the “selective fetal hyperoxygenation” 
will be offered later. 


Method and Material 


Being aware that experimental procedures can- 
not precisely reproduce human conditions, we have 
nonetheless investigated a method by which cardiac 
malformations due to overgrowth could be pro- 
duced in laboratory animals. Pregnant animals 
were exposed to an increased carbon dioxide 
tension in the presence of a normal oxygen tension 
at definite periods during gestation, and, after 
normal delivery, the hearts of the offspring were 
examined. Twenty-six pregnant rats of the same 
strain were divided into six groups and exposed 
for timed periods (from 3 to 12 days) in a closed 
chamber to a gas mixture containing 3% carbon 
dioxide, 20% oxygen, and 77% nitrogen. Con- 
tinuous gas flow was ascertained by means of a 
flowmeter, and gas samples were analyzed by the 
Scholander method. With each group of ex- 
posed rats, control animals of the same breed, 
age, and mating time were observed in separate 
cages, maintained at normal atmospheric condi- 
tions. All rats—with one exception—were per- 
mitted to deliver spontaneously. The offspring of 
the exposed and the control rats were killed and 
fixed in formalin at different ages, ranging from 
0 days (stillborn and newborn) to 9 days of age 

At the end of the first phase of our study, the 
total number of exposed rats was 26, with 7 con- 
trols. The total number of offspring was 159, or 
120 from the 26 treated and 39 from the 7 un- 
treated animals. The treated animals gave birth 
to 27 stillborn or nonviable rats, whereas the con 
trols had only 3 stillbirths. At the time of this 
report, we have examined microscopically 40 
serially sectioned hearts of the offspring born to 


the COs-exposed mothers and compared them 


4 


EXPERIMENTAL CARDIAC 


TaBt. E pol lassi fic ation of ( ardiac 


Group I 
Persistent Fetal Communications 


These represent fixation of a condition 
that was at certain phase 
of normal fetal development dover opment 


Possible mechanism: arrested growth 


Possible etiology: decreased oxygen sup- 
ply to the fetal cardiac tissues during 


ply to the 
critical periods of maximal growth 


TABLE 2. 


Date of 


Date of Days 
Mating 


Delivery Exposure, 


5th-10th 
1/17-1/21 


Group 
No. 


1/12/56 2/5/56 


4th-17th 
2/16-2/20 


2/13/56 


2/27/% 3/22/56 17th-22nd 
3/16-8/22 
11th-21st 


4/20-4/30 


9th-15th 
8/9-8/15 


4/9/56 5/3/56 
7/31/56 8/24/56 


Grow 


Lin do not represent a condition that 
hysiological at any phase of fetal 


Possible mechanism: overgrowth 


Probable etiology: increased oxygen sup- 
fetal cardiac tissues during 
critical periods of maxima! growth ply 


MALFORMATIONS 


Malformations 


pil Group LI 
Obstructed Flows 


Persistent Fetal Communications 
Plus Obstructed Flows 


These do not represent a condition that 
was physiological at any phase of normal 
fetal development 


Possible mechanism: alternating periods 
of arrest and overgrowth 


Probable etiology: alternating periods 
of decreased and increased oxygen sup- 
to the fetal cardiac tissues dur- 
ing critical periods of maximal] growth 


Analysis No. 


No. 
Litters Stillbirths 


* In one rat delivered was by Cesarean section before term; 12 fetuses obtained. 


with 15 serially 
off spring. 


sectioned hearts of the control 


Results 


All the 40 hearts obtained from the 
treated animals were found to be abnormal. 
The following anomalies were observed: 
generalized marked myocardial thickening, 
19 hearts (Table 3 and Fig. 1); pre- 
dominantly right ventricular thickening with 
narrowing of the pulmonary outflow tract, 
9 hearts (Fig. 2) ; left ventricular thickening 
with narrowing of the aortic outflow tract, 11 
hearts (Fig. 3); incomplete ventricular 
septation, 5 hearts (Fig. 4); incomplete 
atrial septation, 13 hearts (Fig. 5), and 
aortic arch anomalies including persistent 
patency of the ductus arteriosus, 10 hearts 
(Fig. 6). In some of the hearts a combina- 
tion of developmental anomalies of the 
cardiovascular system was observed. None 
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of the 15 control hearts showed any of the 
above anomalies. 

During these preliminary experiments we 
were confronted with many technical diffi- 
culties. We occasionally observed decreased 
oxygen tensions in the exposure chamber, 
probably due to insufficient flow rate. This 
The time that 
some of the groups of pregnant rats spent 


was corrected in later series. 


Taste 3.—Incidence of Cardiovascular Anomalies 
in Forty Fetuses from Mothers Exposed to 
Increased CO, Tension for Specific 
Periods Dering Gestation 


Generalized myocardial hypertrophy 

Predominant right ventricular hypertrophy with 
narrowing of the pulmonary outflow tract 
Predominant left ventricular hypertrophy with 
narrowing of the aortic outflow tract 

Incomplete ventricular septation 

Incomplete atrial septation. . 

Aortic arch anomalies including persistent patency 
of the ductus arteriosus.._. 


in Chamber ; 
1/18 
co 5.1 = 
1/21 
Or 18.9% 
2/18 
7.2% 
Or 4% 
2/21 
3/8/56 COs 61 2 2 
142 
2/29 
COs 5.6 
IV 4 2 
CO 88% 4 19 17 
12% 
vI 18% ‘ 20 
On 128 
No 
Cases 
19 
9 
(3) 
(4) 
(5) 13 
(6) 
10 
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Fig. 1.—A, frontal section through the heart of abnormal newborn rat from CO:-exposed 
mother, showing generalized myocardial thickening. A, similar section through the heart ot 
normal newborn rat 


Fig. 2.1, frontal section through the heart of abnormal stillborn rat, showing narrowing 
of the pulmonary outflow tract. B, control from a normal newborn rat’s heart 


ay 


EXPERIMENTAL CARDIAC MALFORMATIONS 


Fig. 3 
ing of the aortic outflow tract 


im the chamber was longer than the period 
known to be needed for the development 
of the cardiovascular system. 

These results, due to a simple change of 
atmospheric condition, were striking, par- 
ticularly because, up to the present time, 
malformations produced experimentally by 
others, although showing a wide range of 
septal defects and aortic arch anomalies, do 
not show any changes similar to ours from 
the group with obstructed flows. 


Comment 


The purpose of our experiments was to 
produce cardiac malformations due to over- 
growth, such as infundibular stenoses or 
generalized myocardial hypertrophy. It was 
our belief that this 
should from an in- 
creased oxygenation of the fetal tissue. The 
method used was based on the following 
The the 


uterine circulation for nutritional material 


pattern of abnormal 


development result 


reasoning : fetus draws upon 
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A, frontal section through the heart of abnormal one-day-old rat, showing narrow- 
B, control heart of a one-day-old normal rat 


and oxygen. If the placental exchange is 
inadequate, there will be an increase of 
carbon dioxide in the fetal circulation, In 
creased blood carbon dioxide tensions leads 
to acidosis, with a shift of the oxyhemo- 
globin the right, 
thereby increasing the local oxygen supply 
to the This selective fetal hyper- 
oxygenation may accelerate metabolism and 
local growth, producing specific malforma 
tions. Instead of with the 
placental circulation, we changed the respira 
tory atmosphere of the pregnant rats, main- 
taining the carbon dioxide level sufficiently 
high, but not so high as to endanger the 
life of the pregnant rats. 


dissociation curve to 


tissue. 


interfering 


We have no way, at this time, of proving 
that we have produced a hyperoxygenation 
of the tissue. However, a large number of 


rat hearts showed myocardial hypertrophy, 


evidenced by thickening of the individual 
fibers and changes in the nuclear mor 
phology. Malformations representing arrest 
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of development or persistent fetal communi- 
cations can be explained as a consequence 
of the low oxygen tension present in some 
of our experiments. Combined malforma- 
tions may be due to periods of arrest 
preceded or followed by periods of overde- 


velopment. 


Summary 


A new method is presented for the ex- 
perimental production of cardiac malforma- 
tions. This method consists of timed 
exposures of pregnant rats to increased 


COs tension, with normal or decreased Oz 
tension in the respiratory atmosphere. In 
: : this paper the histological findings on the 


first 40 serially sectioned hearts of the 
abnormal offspring are reported. 


Dr. P. Shubik and Dr. H. Rappaport assisted 
with this study. Mrs. M. Spencer provided tech- 


nical assistance, and Mr. T. Scanlon took the 


photomicrographs. 
Fig. 4.—High ventricular septal defect from a 


2-day-old abnormal rat Suite 1301, 111 N. Wabash Ave. (2). 
: [ Fig. 5.—A, septum primum defect in a 2-day-old abnormal rat. 2B, control heart from a 
2-day-old normal rat 
Bug ? 
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Fig. 6 
of the ductus from the pulmonary artery 
as A on the aortic side 
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by Senecio Longilobus 


Although it had long been suspected that 
cirrhosis of the liver in cattle was due to 
ingestion of plants of the genus Senecio, 
studies carried out in Canada 75 years ago 
seemed to indicate that the disease was of 
infectious origin. However, shortly after 
the turn of the century nearly simultaneous 
experiments in Canada, New Zealand, and 
South Africa that the original 
suspicion was well founded and that Senecio 
poisoning did cause cirrhosis. Indeed, some 


showed 


recent investigators have considered Senecio 
poisoning as a possible cause of hepatic 
cirrhosis in man.** In the Canadian experi- 
ments sheep ate Senecio jacobaea with im 
punity and it was thought that they could 
be used to extirpate the weed from pastures 
for the protection of cattle.* Additional de- 
tails of the earlier studies on Senecio poi- 
soning are given by Cushny,® Pethick,® and 
Van Es et al.’ 

Toxicity of the genus Senecio results 
from a series of alkaloids that are umique 
in producing necrosis of the liver. The al- 
kaloids are alkamine which 
upon alkaline hydrolysis yield an alkanola- 
mine (or necine) and a necic acid. Nine 
necines have been identified ; the most prev- 
alent 


ester bases, 


Retronecine has been 
obtained also from alkaloids derived from 
genera other than Senecio—Erechtites, 
Crotalaria, and  Trichodesma, 
of three different families. 


close 


is retronecine, 


members 
secause of their 
relationship, the bases of 
genera have 


chemical 


these three 


been included 
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More 
acids than necines are known; only three 
are to two alkaloids.* The 
necessary 
9,10 


among the Senecio alkaloids. necic 


common intact 
molecule is for production of 
hepatic necrosis. 

Cushny ® was the first to investigate the 
pharmacologic action of Senecio alkaloids 
and observed that senecifoline and seneci 
folidine, obtained from S. latifolius, caused 
rats and cats, In 
studies of 16 other Senecio alkaloids *** we 
have found that only 


necrosis of the liver in 


one, platyphylline, 
failed to produce liver necrosis. 

Our supplies of most of these alkaloids 
were so small as to preclude extensive or 
long-term studies. There was enough of 
some to permit limited observations in spe 
cies other than mice and rats, and for these 
dogs, cats, hamsters, guinea pigs, rabbits, 
and monkeys were chosen. In some in 
stances the alkaloids were given repeatedly, 
but only for short periods of time, Attempts 
to produce hepatic cirrhosis in mice were 
with alkaloids: integerrimine, 
jacobine, longilobine, monocrotaline, retror 


made seven 
sine, senecionine, and spartioidine, Retror 
sine and senecionine were incorporated in 
the the were given as 
solutions by mouth or by repeated intra 


diet, and others 
venous or subcutaneous injection, some of 
them for as long as 10 weeks, None of the 
animals developed cirrhosis of the liver or 
even any increase in fibrous tissue or bile 
duct but there much 
hypertrophy of some liver cells and their 
nuclei, with vacuolation of some cells and 
occasionally necrosis of a few.'*"® Subse 


proliferation; was 


quent attempts to confirm the observations 
of Rosenfeld and Beath ** on production of 
hepatic cirrhosis in mice by incorporation 


« 
= 
= 4 


of the pulverized plant 5S. riddellii in the 
diet also failed. 

The present study was begun in order 
to observe the effect of S. longilobus upon 
several species of animals, but only the 
results with sheep will be considered here. 
I:xperiments with other animal species have 
not yet been completed. 


Materials and Methods 


A quantity of S. longilobus was gathered and 
dried for us during the summer of 1952.* The 
total alkaloid content of the entire plant (roots, 
stems, and leaves) was 0.57%. This material was 
«wiministered to three ewes: one as a feeler for 
dosage and the other two for confirmation of re- 
sults. The first ewe was born at our biological 
farm and had never been subjected to experi- 
mentation. The other two, arbitrarily numbered 
two and three, were purchased at the local stock 
vard; their antecedent history is not known, but 
it is almost certain that they had not been exposed 
to noxious agents. Initially the plant was offered 
to the first animal in hay, but she ate little of it 
The plant was next reduced to a powder, but food 
containing the powder proved no more acceptable 
than had the hay. The powder was then put into 
gelatin capsules and force fed 


Observations 


A dose of 100 gm. of the Senecio was 
given to the first sheep daily except Satur 
day and’ Sunday for 16 doses, followed by 
two 150 gm. doses. One-half the daily dose 
was given in the morning, and the remain 
der, in the afternoon, On this regimen the 
animal survived 23 days, but its weight de 
creased from 78.5 kg. to 66.25 kg. At times 
during the course of the experiment the 
ewe had respiratory difficulty, which may 
have been due to the different types of 
bedding we were trying. On the day of 
death the respiration was very rapid, saliva 
tion was excessive, and it was unable to 
arise. It received a total of 2.5 kg. of S. 
longilobus, or 3.28 of her original body 
weight. Blood samples were obtained three 
times during the course of the experiment. 
The prothrombin time rose from 16 to 19 


secom Is. 


*Dr. Arthur Holmgren, Utah State Agricul- 
tural College, collected this material 
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At necropsy petechiae were found in the 
epicardium, myocardium, and endocardium. 
The lungs and kidneys were congested. The 
liver was reddish-brown and firm, and its 
surface was smooth. Microscopic examina- 
tion revealed much fat in the cells of the 
convoluted tubules of the kidney and 
moderate congestion. Many liver cells con- 
tained large fat globules, and there was 
much central necrosis, with hemorrhage 
into the cords of necrotic cells. Many bile 
canaliculi contained light-colored masses of 
bile, but no bile was seen in bile ducts, The 
portal spaces were appreciably enlarged and 
contained plump fibroblasts, as well as 
slightly to moderately increased numbers of 
small bile ducts. Reticulum fibers here were 
increased in number and size, and there 
was some increase in collagen, as shown by 
Masson's trichrome technique. The bands 
of newly formed collagen were more deli- 
cate and less intensely stained than the 
preexistent collagen. In a few places the 
newly formed collagen radiated outward 
enough to join with that in an adjacent 
portal space. Some of these changes are 
depicted in Figure 1. 

The second and third sheep were started 
on 50 gm. doses in capsules given daily ex- 
cept Saturday and Sunday. After 87 days 
the dose was elevated to 75 mg., and on the 
114th day, to 100 gm. From the 146th day 
they received 150 gm. every day of the 
week. The larger doses were divided as 
with the first ewe. Both animals were 
pregnant when treatment was begun, and 
each finally gave birth to a normal lamb. 
The Senecio did not interfere with lacta 
tion or with proper growth of the lambs. 
After weaning the lambs were separated 
from their mothers. 

On the 165th day of the experiment one 
of the ewes was unable to arise. The 
respiration was very rapid and shallow and 
periodically of Cheyne-Stokes type. Since 
the animal was moribund, it was _ killed. 
During the treatment period it received 
10 kg. of S. longilobus, or 18.95% of the 
original body weight. 
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Fig. 1.—Liver of sheep 
that died after 
tration of S. 
for 23 days. 
spaces are widened by 
newly formed 
ous tissue. A 
of viable liver cells sur- 
rounds these spaces. The 
majority of the liver cells 
in this field are 


adminis- 
longilobus 
The portal 


collagen- 


thin rim 


necrotic, 


and many contain fat 
vacuoles. Mallory’s ani 
line blue; reduced '4 


from mag. * 100 


The third ewe died on the 180th day of 
treatment. Twenty-four hours before death 
it had difficulty in getting up. This animal 
received 12.12 kg. of S. longilobus, or 24% 
of the original body weight. Food con- 
sumption remained constant until the ani- 
mals were started on a dose of 150 gm. 
daily; thereafter it decreased about 50%. 

Twenty-four blood samples were obtained 
from sheep No. 2 from Jan. 3, 1953, to 
June 23, 1953. The prothrombin time 
varied from 15 to 18 seconds until June 3, 
when it was 21 seconds. On June 10 it was 


Harris et al 


22 seconds; four days before the animal 
was killed the prothrombin time was 23.4 
seconds, and the plasma was icteric. Weekly 
blood samples were also obtained from the 
third ewe. The prothrombin time followed 
a pattern similar to that of the second ewe. 
Six days prior to death the plasma was 
icteric. 

The stomach of sheep No. 2 contained a 
large amount of ground Senecio. The 
adrenal cortex was brown. The liver was 
small, (the liver of 
normal adult sheep weighs 550 to 700 gm. ), 


weighing 492 gm, 


Fig. 2 


that 


Liver of sheep 
was moribund after 
administration of S 
165 


tissue 15 


longilobus for days 


Portal fibrous 


mereased and radiates 


out to adjoining 
bile 
increased im 
Many 

tat \ 


sated bile is 


spaces, 


and small ducts are 
number 
liver cells contain 
mass of inspis 
the 


Hematoxylin 


seen at 
left center 
aml eosin; reduced “4 
from mag. 100 
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Fig. 3.-Liver of sheep 
that died after adminis 
tration of 5S. longilobus 
for 180 days. Liver cells 
are arranged in nodules 
surrounded by fairly 
lense collagenous tissue 
ontaimng many small 
vile ducts. Hematoxylin 
ud «eosin; reduced 
from mag. * 100 


and it was orange-brown and finely granu 
lar, 

Microscopic examination revealed 
small amount of lipid in the zona glomeru 
losa but complete depletion in the remainder 
of the adrenal cortex. A large amount of 
fat was present in the cells of the distal 
convoluted tubules of the kidney. Fatty 
metamorphosis of liver cells was much less 
prominent than in the first sheep and was 
of no constant distribution. Necrotic cells 
were few. The portal spaces were even 
more enlarged than in the first sheep, but 
the fibroblasts here were thinner, more 
stellate, and less conspicuous, and collagen 
strands were thicker and more abundant. 
The fibrous tissue regularly radiated out 
ward to connect with that of one or more 
adjacent’ portal spaces. Proliferation of 
small bile ducts was greater than in the 
first ewe, and inspissated bile was present 
in some small bile ducts and im many bile 
canaliculi. Although the liver cells formed 
more or less rounded nodules, the hepatic 
vein was still located at or near the center 
of many of the nodules, Figure 2 illustrates 
some of these hepatic changes 

The stomach of the third sheep was also 
full of ground Senecio. Lach pleural cavity 
contained some tluid, and the lungs were 
congested and slightly edematous. There 
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were petechiae in the thymus. The liver 
weighed only 405 gm., was pale yellowish 
brown, and had a smooth capsule. How 
ever, the cut surface was finely granular, 
and the lobules were accentuated by gray 
periportal areas. There were some foci of 
necrosis in the right lobe. 

Microscopic examination of the kidneys 
revealed large fat globules in the cells of 
some distal convoluted tubules. In general 
the liver was much like that of the second 
sheep, but there was less bile stasis, and the 
widening of portal spaces, increase in col- 
lagen, and radiation to adjacent portal 
spaces was even more pronounced. Figure 
3 shows a field in the liver of this animal. 


Comment 


Although few animals were used, the 
results are significant, since all had the 
same type of lesions. It must be realized 
that the experiment was conducted under 
the severest conditions. The amount of 
powdered S. longilobus administered to the 
second and third ewes reached as much as 
190 -24% of their body weight. Either be- 
cause of development of resistance to the 
alkaloids or as a result of individual dif- 
ferences, the last two sheep tolerated larger 
daily doses and survived much longer than 
the first ewe Moreover, necrosis of liver 
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cells in the last twe ewes was much less 
extensive than in the first. 

It is remarkable that as much prolifera- 
tion of fibroblasts and small bile ducts as 
was seen in the liver of the first sheep 
could occur within 23 days. In view of the 
hepatic lesions of the other two, it seems 
proper to consider the periportal fibrosis 
of the first sheep as an incipient cirrhosis. 
The other two ewes, which survived much 
longer, showed a more chronic hepatic in- 
jury. It is probable that had their dose not 
been survival would have been 
longer, and the degree of cirrhosis would 
have been even severer. 


increased 


Summary 


Administration of Senecio longilobus to 
sheep resulted in hepatic injury culminat- 
ing in Slight hypoprothrom- 
binemia developed, and the plasma became 


cirrhosis. 


icteric before the animals were moribund. 
Mr. Robert 


times, and 


Fink determined the prothrombin 
Harold Roeder and Delbert 
Campbell administered the material to the sheep 


Messrs 


The Lilly Research Laboratories, Fli Lilly and 
Company (6). 
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by Evans Blue 


A peculiar type of necrotizing arteritis, 
produced by a combination of feeding a 
certain high-fat diet for a period of eight 
weeks or longer and then inducing renal 
insufficiency, has been a subject of investi- 
gation in this laboratory for a number of 
years. The arteritis consists essentially of 
an acute inflammatory reaction with ne- 
crosis in the left auricular endocardium, 
the ascending arch of the aorta, and the 
first portion of the pulmonary artery. Histo- 
chemical studies on the pathogenesis of this 
lesion previously reported? indicated that 
the initial disturbance was in the interstitial 
ground substance, as indicated by the ap- 
pearance in the earliest recognizable lesions 
of an excessive amount of material staining 
metachromatically with toluidine blue and 
strongly with the Hale colloidal iron stain. 
Available information about the significance 
of these histochemical reactions did not per- 
mit definite conclusions as to whether such 
staining represented excessive formation of 
the or depoly- 
merization of acid mucopolysaccharide, or 


acid mucopolysaccharide, 
possibly an abnormal form of mucopoly- 
saccharide, 

The azo dye Evans blue (T 1824) has 
been employed for vital staining in further 
studying the pathogenesis of these lesions. 
This dye has been found by Duran-Rey- 
nals * and Brunschwig * to stain selectively 
the stroma of malignant tumors when in- 
jected into animals and humans. Gersh® 
utilized the intravital staining technique and 
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Sites of Vascular Vulnerability in Dogs Demonstrated 


HENRY C. McGILL Jr., M.D.; JACK C, GEER, M.D., and RUSSELL L. HOLMAN, M.D., New Orleans 


developed the interpretation that the local- 
ization of the dye was due to a strong 
affinity of depolymerized acid mucopoly- 
saccharide of the ground substance for the 
dye. This interpretation drew our attention 
to the use of Evans blue as a vital stain 
in the study of the vascular lesion under 
consideration. 

It was found in the course of the investi- 
gation that not only did the early vascular 
lesions in the dogs stain with Evans blue 
but the sites where such lesions develop 
in experimental animals were also vitally 
stained in a high percentage of presumably 
normal dogs. The purpose of this report 
is to describe this phenomenon and to in 
dicate how it may contribute to an under 
standing of the pathogenesis of the lesion. 


Materials and Methods 


Adult mongrel dogs of both sexes, and weighing 
from 2 to 6 kg., were used in these experiments 
The animals were caged individually and fed 
weighed portions of the diet once daily. The 
diet, the composition of which is outlined in the 
accompanying Table, was essentially a high-fat, 
low-protein ration in which the source of the fat 
was creamery butter. This diet, with water fur- 
nished ad libitum, was fed to the dogs for a period 
of eight weeks or longer, after which time renal 
insufficiency was induced. 


Composition of High-Fat Diet 


Parts per Per Cent of 
100 Total 
Calories 

Beef liver (raw wet weight) 24 7 
Sucrose 19 2 
Cornstarch 25 
Butter 15 43 
Tomato juice 16 
Kaolin 4 
Salt mixture * 1 

100 100 


* Salt mixture: McCollum, E. V., and Simmonds, N.: A 
Study of the Dietary Essential, Water-Soluble B, in Relation 
}-3 Its ae and Stability Toward Reagents, J. Biol. Chem, 
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Renal insufficiency was produced by either of 
two methods, which were equally effective in pro- 
ducing the arteritis. The most frequently used 
method in this study was the subcutaneous injec- 
tion of 8.0 mg. of uranium nitrate per kilogram 
of body weight in aqueous solution. In other 
cases, the dogs were subjected to a single-stage 
extraperitoneal bilateral nephrectomy under pento 
barbital anesthesia. The dogs were followed with 
blood urea nitrogen determinations, and when the 
level reached 400 mg. per 100 ml., the animals were 
killed 

The technique of vital staining was essentially 
the same as that described by Gersh." When an 
animal was ready to be killed, 3 ml. per kilogram 
of body weight of a 2% aqueous solution of 
Evans blue was rapidly injected into the external 
jugular vein. This was the equivalent of 60 mg 
of dye per kilogram of body weight. Ten min- 
utes after injection the animal was killed by a 
lethal dose of pentobarbital and necropsied im 
mediately, since postmortem diffusion of the dye 
into the tissue, particularly into the walls of blood 
vessels, occurred rather rapidly. The dog was 
killed with chloroform and intravenous potassium 
cyanide on two occasions to eliminate the possi 
bility that pentobarbital might influence the stain 
4 

At necropsy, the heart, pulmonary artery, and 
entire aorta were removed as rapidly as possible, 
drained of blood, washed lightly with water, and 
photographed, The pattern of vital staining and 
lesions as seen on the endothelial surface was 
drawn on a diagram. Selected blocks of the tissue 
were then fixed in 10% formalin. Paraftin 
embedded, hematoxylin-and-eosin-stained — sections 
of all organs were routinely prepared and studied 
on all animals. In a few cases, thick (20g to 30g) 
unstained sections were mounted in liquid petrola 
tum (paraffin oil) to determine histologic localiza 
tion of the dye. Also, in selected instances, blocks 
were prepared by the freeze-drying method and 
parafiin embedding in vacuo, followed by mounting 
of thick unstained sections in liquid petrolatum 
Similar results with respect to localization of the 
dye were obtained by the two methods of prepa 
ration. The vital staining did not appear to inter 
fere in any way with other histologic or 


histochemical stains 


Results 


Phe necrotizing lesions that are produced 


by this experimental regimen are found in 


the pulmonary artery, the endocardium of 
the left auricle, and the aorta immediately 
above the aortic valve, and at the orifice 
of the innominate artery. Less commonly, 
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Fig. 1 (D-55-67).—High-fat diet 13 weeks; 
renal insufficiency 13 days. Aortic valve and arch 
of aorta. Early necrotizing lesions manifested by 
elevation and wrinkling of the intimal surface 
located in the sinuses of Valsalva, in the first por 
tion of the aortic arch, and at the mouth of the 
innominate artery. No vital staining. 


lesions are found in the thoracic and ab- 
dominal aorta and in the major branches 
of the aorta. Grossly the early lesions are 
characterized by a slight elevation and 
wrinkling of the intimal surface (Figs. 1 
and 2). In later stages the lesion becomes 
more elevated and has distinct margins. 
Thrombus formation over the advanced 
lesion is common (Fig. 3). The earliest 
tissue alteration that has been detected 
histologically is an accumulation of inter- 
stitial material which stains strongly with 


Fig. 2 (D-55-67).—Endocardium of left auricle. 


Lesions similar in gross characteristics to those 
in Figure 1 located above the posterior leaflet of 
the mitral valve and in the auricular appendage. 
The extent of these lesions is somewhat more ex 
tensive than the average. No vital staining 
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the Hale colloidal iron stain and meta- 
chromatically with toluidine blue? As men- 
tioned previously, present information 
about the significance of these histochemical 
reactions does not permit definite conclu- 
sions as to whether such staining represents 
excessive formation, depolymerization, or 
an abnormal form of mucopolysaccharide. 
The early stage of interstitial swelling is 
followed by leukocytic infiltration. The 
leukocytic infiltrate is composed principally 
of polymorphonuclear leukocytes; plasma 
cells and lymphocytes are present in smaller 
numbers. These changes take place under 
intact endothelium. In the more advanced 


lesion, cellular and elastic tissue degenera 


Fig. 3 (D-55-69).—High-fat diet 13 weeks; 
uranium nephrosis 10 days. Aortic valve and aortic 
arch. Advanced stage of necrotizing lesions. A 
thrombus is prominent on the lesion at the mouth 
of the innominate artery. No vital staming 


tion followed by calcification occurs. Col- 
lagen fibers remain unaltered, even in the 
most advanced lesions. 

A total of seven dogs which had been 
subjected to the experimental procedure and 
which had the necrotizing lesions were 
examined by means of vital staining. The 
pattern of staining of lesions depended on 
the stage of development. The earliest de- 
tectable lesions, with elevated, wrinkled, but 
glistening intimal surfaces, were stained in 
tensely by the Evans blue dye (bigs. 4 and 
5). Quite often there were seen small areas 
of focal staining not associated with grossly 
visible lesions, and some of these on 
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Fig. 4 (D-56-27}.—High-fat diet four weeks; 
bilateral nephrectomy six days. Aortic valve and 
aortic arch, vitally stained with Evans blue, as 
described in text. Intense staining of early 
necrotizing lesion at mouth of innominate artery 
Notice also the pattern of staining in the first 
portion of the aortic arch and in the sinuses of 
Valsalva, although these areas showed no struc- 
tural alteration grossly or histologically 


histologic examination were found to repre- 
sent very early lesions. Many such stained 
areas, particularly those which were lightly 
stained, showed no histologic abnormalities. 

The more advanced lesions, in which 
there was marked cellular necrosis with 
ulceration of the endothelial surface and an 
overlying thrombus, did not stain vitally 
in the central portion, even on the surface 


Fig. 5 (D-55-82).—High-fat diet 22 weeks; bi- 
lateral nephrectomy 5 days. Pulmonary valve and 
main pulmonary artery, vitally stained with Evans 
blue 
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exposed to the blood (Fig. 6). However, 
the tissue immediately about the advanced 
lesion, showing the histologic characteristics 
of an early lesion, was stained intensely, of 
ten forming a dark-blue ring around the 
advanced lesion. 

A control series of 16 dogs that had been 
maintained on a diet composed of hospital 
table scraps for varying periods of time, 
and that had not been subjected to any 
type of renal injury, were killed after in 
jection of Evans blue dye in the same 
manner as the experimental group of dogs. 
The heart and great vessels of these animals 
in a high percentage of cases showed focal 
areas of staining of the intimal surface, the 
distribution of which was strikingly similar 
to the distribution of necrotizing lesions in 


- 
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Fig. 6 (D-54-37).—High-fat diet 14 weeks; bi- 
lateral nephrectomy 4 days. Aortic valve and 
aortic arch, vitally stained with Evans blue. Ad 
vanced necrotizing lesions are located in the sinuses 
of Valsalva, in the first portion of the aortic arch, 
and at the orifice of the innominate artery. Notice 
that the central portions of these lesions are un- 
stained or rather lightly stained, while the intima 
immediately about them is intensely stained 


the experimental group. Histologic exami- 
nation of these tissues disclosed no detect 
able structural abnormalities in the areas 
of staining, in comparison either with the 
same sites from other animals or with ad- 
jacent unstained tissues. 

Of the 16 dogs in the control series, all 
showed focal staining of the ascending arch 
of the aorta conforming to a fairly constant 
pattern. There were usually an oval streak 
just above the orifice of the left coronary 
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Fig. 7 (D-54-41).—Control dog, kennel diet and 
no renal insufficiency. Aortic valve and arch of 
aorta, vitally stained with Evans blue. Note the 
similarity of the pattern of staining to the pattern 
of lesions in Figures 1, 3, and 6 
artery, another oval streak above the ori- 
fice of the right coronary artery, and a 
triangular area proximal to the orifice of 
the innominate artery. Variable and more 
lightly stained areas were found in the 


sinuses of Valsalva and occasionally in the 


transverse portion of the arch. Highly 
variable and more lightly stained areas were 
found in the descending portion of the arch 
and the thoracic aorta, and rarely was there 
any staining of the abdominal aorta. In 11 
of the 16 dogs the aortic staining was 
moderate to marked; in 5 it was very light. 
The typical pattern of staining is illustrated 
in Figure 7, 

Fig. 8 (D-54-59).—Control dog, kennel diet and 
no renal msufhiciency. Left auricular endocardium 
and mitral valve. Focal area of Evans blue stain- 


ing of auricular endocardium above posterior 
leaflet of mitral valve 
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The left auricular endocardium in 10 of 
the 16 animals showed focal areas of stain- 
ing. The pattern was more variable than in 
the ascending arch of the aorta, but the site 
most frequently affected was one just above 
the posterior leaflet of the mitral valve 
(Fig. 8). Scattered small stained areas 
were encountered in other portions of the 
auricular endocardium, but none was found 
in the major pulmonary veins. An _ oc- 
casional lightly stained area was seen on the 
leaflets of the mitral valve and on the 
chordae tendineae. Only rarely was stain- 
ing observed in the right auricle (1 out of 
16), and then it was very light. 

In the pulmonary artery, scattered foct 
of staining, from 1 to 8 mm. in diameter, 
were observed in 7 of 13 control animals 
which were not infested with Dirofilaria 
immitis. There was no consistent pattern 
of staining in this vessel. In three cases 
there were pulmonary artery lesions due to 
D. immitis. This parasite did not appear to 
influence either the incidence or the distri- 
bution of the staining except in cases with 
a heavy infestation, producing acute ul- 
cerative lesions in the intima, which were 
stained intensely. 

The pattern of vital staining was studied 
in a series of five dogs subjected to renal 
insufficiency but not prefed the high-fat 
diet, and in one dog fed the high-fat diet 
but not subjected to renal insufficiency. The 
pattern and intensity of vital staining were 
not appreciably altered from that just de- 
scribed in the control series. Furthermore, 
when animals were prefed the high-fat diet, 
were subjected to renal insufficiency, and, 
in addition, were given one of the agents 
which had been found effective in prevent 
ing the lesions (cyanocobalamin U.S. P. or 
calcium pantothenate), the pattern and in- 
tensity of staining were not affected. 

A summary of these observations is 
presented in Figure 9, which shows diagram- 
matically the incidence and pattern of stain- 
ing in the control animals, together with an 
analysis of the distribution of lesions in 36 
experimental animals which had not been 
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‘ 
CONTROLS EXPERIMENTAL 
KENNEL NO RENAL | HIGH FAT DIET, RENAL INSUF- 
SUFFICIENCY 16 FICIENCY 36 DOGS 
PULMONARY / 
ARTERY 4a% 
Le 
LEFT AURICULAR 
ENDOCARDIUM / / 
AORTA 100% 4 
Bie Stoning Necrotizing Lesion 


Fig. 9.—Vital staining in dogs with Evans blue 
compared with distribution of necrotizing lesions. 


subjected to the vital-staining procedure. 
It is readily seen that the incidence of focal 
staining in the control animals is very simi- 
lar for each of the anatomic locations 
considered, in addition to the fact that the 
pattern of staining (or lack of pattern) is 
similar to the pattern of lesions. 

The thick, unstained sections from con- 
trol animals that were examined to deter- 
mine the histologic localization of the dye 
disclosed that most of it was contained in 
the first few layers of elastic lamellae just 
beneath the endothelium, with a small 
amount occasionally detectable in the inter 
fibrillary ground substance. None was seen 
in the endothelial cells overlying a stained 
area, The dye was not seen in any type 
of phagocytic cell. The elastic lamellae 
which were vitally stained could not be 
differentiated from adjacent unstained 
elastic tissues in a section stained with 
hematoxylin and eosin or toluidine blue. 

When a_ formalin-fixed, paraffin-em- 
bedded section of aortic tissue from a con- 
trol animal was exposed to a dilute aqueous 
solution of Evans blue for one hour, it was 
found that the elastic tissues were the only 
structures which stained to any appreciable 
degree with the dye. No difference in stain- 
ing could be detected between elastic tissue 
immediately beneath the endothelium and 
that in any other portion of the aortic wall; 
furthermore, there was no difference in the 
absorption of the dye by areas which had 
been stained vitally and those which had 
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not been stained vitally. Sections of ad- 
vanced aortic lesions, in which there was 
detectable structural alteration of elastic 
tissue by routine methods  (basophilia, 
swelling, and fragmentation), were stained 
in vitro with the same dilution of Evans 
blue, and these altered elastic fibers demon- 
strated a strong affinity for the dye. How- 
ever, the necrotic elastic fibers in the center 
of an advanced lesion did not stain vitally. 
This observation led to the conclusion that 
the pattern of vital staining was not deter 
mined by any intrinsic property of the 
elastic tissue, but, rather, that the elastic 
tissue absorbed the dye in proportion to the 
concentration of dye presented to it. Other- 
wise stated, this indicated that the staining 
pattern was determined by differences in 
the rate of transmission of the dye through 
the inner portion of the vessel wall, rather 
than by differences in affinity of the tissue 
for the dye. 

Portions of the inner layers of the aorta, 
pulmonary artery, and left auricular endo- 
cardium from stained and unstained areas 
in our animals have been examined in the 
electron microscope, and, although this 
study is only in a preliminary stage, so far 
no obvious differences have become ap- 
parent in the fine structure of endothelial 
cells, elastic tissue, or collagen in stained as 
compared with unstained tissues. No gaps 
or defects in the endothelial membrane have 
been found. 

A few experiments were performed to 
determine the effects of time and concen 
tration on the vital staining. In one case 
an animal was allowed to survive for a 
period of six hours after injection of the 
dye. This animal showed an elevation in 
the intensity of the “background” in that 
the portions of the great vessels which were 
ordinarily unstained were lightly and 
evenly stained; but the areas in the aorta, 
pulmonary artery, and left auricle that were 
usually stained in a 10-minute period were 
very deeply stained. Thus, lengthening the 
period of vital staining increased the in- 
tensity of staining but did not affect the 
pattern of staining. 
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In another case, a dog was given an 
injection of Evans blue dye in a dose of 
0.1 mg. per kilogram, or approximately one 
six-hundredth of the dose used in the con- 
trol and experimental groups. Although 
the serum was colored blue, no vital stain 
ing was observed in the usual sites. This 
observation made it unlikely that the pro 
cedure might be applied to a human shortly 
before death, since this dose was 50 times 
that ordinarily used in the determination 
of blood volume (0.002 mg/kg.), and it 
resulted in an appreciable blue coloration 
of the skin. 

A few dogs in this series had lesions in 
the thoracic aorta produced by Spirocerca 
sanguinolenta, a parasite which produces 
aortic lesions very similar to those of human 
syphilitic aortitis. These lesions consist of 
destruction of medial smooth muscle and 


elastic tissue, with replacement by fibrous 


tissue. Such areas were not stained by the 
vital dye even when the occasional patchy 
staining of the thoracic aorta occurred im 
mediately about them. 

Three rabbits and five rats were subjected 
to the same procedure of vital staining to 
see whether any similar pattern of staining 
could be observed, but no comparable stain 
ing of the endothelial surface of the great 
vessels was found. 


Comment 

The dye Evans blue was synthesized by 
the Eastman Kodak Company, and the first 
description of its use was in 1920, as an 
indicator for plasma volume by the dye 
dilution method.® Later, it came into wide 
spread use for this purpose, following the 
studies by Gibson? and associates. The 
properties which made it so well suited to 
plasma volume determinations were (1) its 
low toxicity, (2) its low rate of diffusion 
through the capillary walls, and (3) its 
relatively low rate of excretion. The 
amounts used in all these studies were 
relatively very small, being around 0.002 
mg. per kilogram of body weight, since it 
was necessary only to color the plasma 
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sufficiently to measure the concentration in 
a photoelectric colorimeter. 


There have appeared scattered reports on 
the use of Evans blue as an indicator of 
capillary permeability in which its diffusion 
through capillary walls was interpreted in 
the same manner as the diffusion of trypan 
blue.* The work of Gersh and associates ® 
and his interpretation of the significance of 
vital staining with Evans blue have already 
been referred to briefly. His concept is that 
the dye is absorbed by the ground substance 
in concentrations inversely proportional to 
the degree of polymerization of the acid 
mucopolysaccharide. In the phenomenon de- 
scribed here, however, the dye is concen- 
trated in the elastic tissue rather than the 
ground substance, and some observations 
have already been described which indicated 
that the staining is due to variation in rate 
of diffusion rather than to variation in local 
affinity for the dye. 

Local hydrodynamic factors, such as ed- 
dies in the flow of blood, jet streams im- 
pinging against the vessel wall, or areas 
of increased pressure, have been considered 
as possibly accounting for the focal stain- 
ing. This explanation was suggested par- 
ticularly by the rather pattern 
encountered in the ascending portion of the 
aortic arch, 


constant 


However, no such pattern is 
seen in the staining of the pulmonary artery 
or in the left auricular endocardium, and 
it seems necessary to conclude that the prin- 
cipal factor is a local difference in the vessel 
wall. 

A number of studies have been reported 
in recent years having to do with the state 
in which Evans blue dye is carried in the 
blood. The consensus of these reports ap- 
pears to be that the dye is rapidly bound 
to the particularly the 
albumin. Allen and Orahovats calculated 


plasma protein, 
that each molecule of albumin was capable 
of binding up to 11 molecules of the dye. 
Markus and Baumberger '* found that in 
protein-dye solutions, the typical Evans blue 
polarization wave was not found until the 
dye content exceeded a certain concentra- 
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tion, presumably more than enough to sat- 
urate the protein. Their figures showed 
that 10 mg. of dye was bound to 25 mg. 
of protein. Figuring the dose of dye given 
to the dogs in the experiments reported here 
on the basis of a hematocrit of 40%, a 
plasma protein content of 7.0 gm. per 100 
ml., and 93 ml. of blood per kilogram of 
body weight, one finds 10 mg. of dye for 
each 65 mg. of protein. Of this 65 mg., 
approximately two-thirds should be albumin, 
making a dye-to-albumin ratio of 10 mg. of 
dye to 43 mg. of albumin. If it is true 
that 25 mg. of albumin bind 10 mg. of dye, 
the dye given to these dogs should not ex 
ceed what the albumin is capable of bind 
ing, and the equilibrium should be shifted 
far in the direction of binding the major 
portion of the dye. 

It cannot be determined from the present 
information whether the Evans blue passing 
through the endothelial lining does so in 
the bound or in the free form. Even though 
the major portion of the dye in plasma is 
bound to protein, it is possible that the free 
dye may be transported across endothelial 
membranes with such facility that a very 
small amount in the plasma would be suf 
ficient to account for the vital staining, If 
it is transported into the interstitial tissues 
in a bound form, it seems likely that it is 
detached from albumin and bound strongly 
to elastin. 

Whatever the 
the sharp localization of the dye in certain 


mechanism of transport, 
areas which show no histologic evidence 
of injury points to the existence of subtle 
the cells of the 
differences not 
reflected in structural alterations detectable 


functional differences in 


vascular wall. These are 


by present methods. The local factor re 
sponsible for the differences in transport 
of the dye may well be a variation in the 
pattern of enzymatic activity, either in the 
endothelial cell or in the immediately under 
lying tissues. In connection with this con 
cept, Friedenwald ' has shown that in the 
ciliary body of the eye, the selective 
transport of certain dyes across the stromal- 
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epithelial barrier depends on energy-con- 
suming enzyme systems. Despite the 
differences in structure and function be- 
tween the epithelium of the ciliary body 
and the vascular endothelium, it seems quite 
possible that there may exist a similar 
mechanism involved in the passage of ma- 
terials through the intima of the blood ves- 
sels. 

How is the property of more rapid trans- 
port of Evans blue dye molecules in local- 
ized areas related to the susceptibility of 
these same tissues to disruption in dogs 
prefed a high-fat diet and then subjected 
to renal insufficiency? The nature of the 
toxic component or dietary imbalance in the 
high-fat diet has not been identified, except 
that it is present in or is produced by 
creamery butter and cod liver oil; nor has 
the specific renal factor responsible been 
identified. The present observations make 
it necessary to add another factor to the 
scheme, that is, local tissue susceptibility. 
Not all dogs subjected to the experimental 
regimen develop the lesions; nor do all dogs 
tested exhibit the same degree of vital 
staining. The similarity in frequency and 
pattern of both vital staining and develop- 
ment of lesions suggests that the property 
responsible for vital staining is at least 
closely related to that property making these 
local areas susceptible to lesions in the ex- 
perimental animals. 


Summary 


In the course of attempting to stain 
vitally with Evans blue dye certain necro- 
tizing lesions of large musculoelastic ar- 
teries in dogs subjected to a combination 
of high-fat diet and renal insufficiency, it 
was found that not only did early lesions 
stain intensely with this dye, but the sites 
of predilection to these lesions were also 
frequently stained in normal dogs. No 
histologic differences could be found in 
comparing vitally stained and unstained 
tissues. The dye was principally localized 
in elastic tissues just beneath the endothe- 
lium. It appears that the basic difference 
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between stained and unstained areas is a 
difference in the rate at which endothelial 


cells or an underlying membrane trans- 
port the dye or albumin-dye complex. 
In the production of the experimental 
lesions under consideration here, a factor 
of local tissue susceptibility, possibly a 
variation in enzymatic activity, must be 
added to the dietary and renal factors. Rats 
and rabbits did not show any vital staining 
of similar tissues. 


Department of Pathology, Louisiana State Uni 
versity School of Medicine (12). 
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Studies on Functional Zonation of the Adrenal Cortex 


Dallas, Texas 


K.vidence has accumulated to indicate that 
cach of the zones of the adrenal cortex is 
concerned with the secretion of different 
types of adrenal cortical hormones.'* It 
has been suggested that the zona glomerulosa 
is primarily responsible for the electrolyte- 
regulating aldosterone, or 11-desoxycorti- 
costerone, secretion ; that the zona fasciculata 
is responsible for 17-hydroxycorticoids or 
glucocorticoid production, and that the zona 
reticularis is the source of the androgens 
(or estrogens ). 

Opposing points of view, at variance with 
the theory of functional zonation, suggest 
that the cells of the adrenal cortex originate 
within the capsule or zona glomerulosa and 
are transported through the cortex to become 
senile or degenerate within the zona reticu- 
45 


laris. 


Evidence for the Theory of 
Functional Zonation 

Sarason, in 1943,° demonstrated marked 
atrophy of the zona glomerulosa following 
desoxycorticosterone acetate (DCA) therapy 
in intact or hypophysectomized rats. Fol- 
lowing hypophysectomy only,** without 
hormone administration, there was no 
change, or slight hyperplasia of the zona 
glomerulosa, although the zona fasciculata 
and zona reticularis became atrophic. These 
findings suggested that the zona glomerulosa 
was not primarily under the control of the 
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A Review with Experimental Notes on Effects of Sodium Restriction, 
Corticotropin, and Orchiectomy in the Dog 


GEORGE J. RACE, M.D.; WILLIAM M. NICKEY, M.D.; PHILLIP S. WOLF, and ELMER J. JORDAN, B.5., 


pituitary gland, Nichols * and Deane, Shaw, 
and Greep” suggested that the zona glo 
merulosa secreted the desoxycorticosterone- 
type hormone, since lowering of the serum 
sodium-potassium ratio was shown to result 
in enlargement and loss of lipids of the zona 
glomerulosa. Similarly, they and Bacchus 
found that atrophy of the zona glomerulosa 
in the rat occurred following DCA admin- 
istration, Bacchus '® demonstrated that the 
ascorbic acid content of the zona glomerulosa 
was depleted in rats intoxicated with potas 
sium chloride, while, on the contrary, 
ascorbic acid accumulated in rats given ex 
cessive sodium chloride. Furthermore, the 
cholesterol content paralleled the ascorbic- 
acid shift, suggesting active participation of 
both in the secretory activity of the zona 
glomerulosa after injection of DCA. Selye * 
obtained results similar to Deane et al. in 
rats on a sodium-free diet and noted that 
the boundary line between the zona glo- 
merulosa and the zona fasciculata became 
very indistinct. Conversely, rats receiving 
excessive sodium showed a thin basophilic 
zona glomerulosa with distinct boundaries. 
Luetscher '"* recently has shown an in- 
verse relationship between aldosterone ex- 
cretion and sodium excretion by the kidney. 
He also pointed out that the salt-retaining 
aldosterone can be detected in normal urine, 
but not in patients’ urine following bilateral 
adrenalectomy. The output of aldosterone is 
not significantly affected by hypopituitarism 
or conditions associated with changes in out- 
put of 17-ketosteroids or 17-hydroxycorti- 
coids, such as myxedema, adrenogenital 
syndrome, some cases of Cushing’s syn- 
drome, or after administration of corticotro- 
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pin to normals.°* This suggests that the 
salt-retaining adrenal hormone is not under 
the control of the pituitary gland. Gaunt ™ 
has shown that aldosterone secretion con- 
tinues in the absence of the pituitary. More- 
over, corticotropin in man and dog does not 
affect the rate of aldosterone secretion,’ 
but its rate of secretion is affected directly 
or indirectly by the electrolyte intake. 

Recent work by Peschel and Race," 
studying hypertensive rats and human pa- 
tients, showed that dietary sodium restriction 
resulted in an increase in size of the zona 
glomerulosa. However, if sodium was added 
to the diet of hypertensive animals, the size 
of the zona glomerulosa was reduced almost 
to normal. The size of the zona glomerulosa 
was greatest in hypertensive rats on a salt- 
free diet but was also markedly increased 
in normal rats on a salt-free diet. In these 
rats the cytoplasmic fat content was reduced 
in the zona glomerulosa. Although hyper- 
tension may have produced some hyper- 
trophy of the zona glomerulosa, greater 
enlargement occurred with the added 
stimulus of sodium deprivation. Interest- 
ingly, aldosterone has been reported in ex- 
cessive amounts in the urine of patients with 
malignant, but not benign, hypertension.” 
The site of origin of aldosterone is thought 
to be the zona glomerulosa both in animals 
and in man.*”?!  Stoerk,?! studying the 
serum sodium and potassium concentrations 
as compared with calculated zona glo- 
merulosa weight, showed a direct relation be- 
tween the weight of the zona glomerulosa 
and the serum potassium and sodium levels. 
A statistical significance of 0.01 was re- 
ported. 

Deane and Masson ** showed in hyper- 
tensive rats that encapsulation of the kidney 
was followed by enlargement of the zona 
glomerulosa, while DCA produced disuse 
atrophy of the zona glomerulosa, Recently, 
Race and Green confirmed enlargement of 
the zona glomerulosa following sodium defi- 
ciency or potassium intoxication. Further- 
more, by using colchicine to arrest mitosis, 
it was shown that the mitotic activity of the 
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zona glomerulosa was doubled in sodium- 
deficient and potassium-intoxicated rats. 
The zona fasciculata has been proposed 
as the site of origin of the 17-hydroxycorti- 
coids or glucocorticoids. The evidence is 
presumptive and is based on the demonstra- 
tion of hypertrophy of the zone following 
corticotropin or of atrophy following corti- 
sone administration.’***.*4 Following corti- 
cotropin administration this zone shows 
hypertrophy and reduction in lipid content, 
while no changes occur in the zona glo- 
merulosa, On the contrary, cortisone admin- 
istration produced atrophy with increase in 
lipid content of the zona fasciculata. Bergner 
and Deane,** using corticotropin-treated 
rats, showed loss of lipid within 6 hours 
and enlargement of the adrenal gland within 
16 hours. In rats carried 12 days there were 
glycosuria, increased nitrogen excretion, and 
atrophy of the thymus. In the zona fas- 
ciculata the fat was at a minimum in 18 
hours. At 8 days recovery occurred and fat 
was above normal, while at 12 days the fat 
began to disappear. O'Donnell et al.,?° in 
humans given corticotropin, demonstrated 
loss of lipids and hypertrophy of the zona 
fasciculata and zona reticularis, while the 
zona glomerulosa was small and poorly de 
fined. Bergstrand* showed that repeated 
testosterone administration produced a de 
crease in lipid content in the zona fasciculata 
and zona reticularis, presumably mediated 
through the pituitary, Similarly, cortisone 
reduced the weight of the adrenals while 
reducing the size of the zona fasciculata 
and zona reticularis, whereas corticotropin 
increased the adrenal weight but reduced the 
fat content of the zona fasciculata and zona 
reticularis. One interpretation presented 
suggests that the difference in the reaction 
could be explained by assuming that secre- 
tion of all cortical hormones occurred in the 
zona fasciculata and zona reticularis. By 
this view, the zona glomerulosa serves as a 
field of reserve in the cortex which can be 
transformed into active use when necessary. 
The zona reticularis has been proposed 
as the source of 17-ketosteroid production. 
The association of adrenocortical tumors 
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with masculinization has long been known.?* 
8 Wilkins et al. were among the first to 
suggest that the androgenic zone of the 
cortex is functionally and morphologically 
distinct from the rest of the cortex. Black- 
man * correlated the function and origin 
of sex hormones and the reticular zone with 
nine autopsied cases of the adrenogenital 
syndrome in which there was reticular zone 
hyperplasia. In one case, with pseudo- 
hermaphroditism, the reticular zone had the 
appearance of the fetal reticular zone X. 
Flynn ** described a case of hirsutism with 
excessive urinary 17-ketosteroid excretion 
associated with hyperplasia of the zona 
reticularis. LBroster®* also described four 
cases of adrenogenital syndrome, all having 
marked changes in the zona reticularis, with 
little change in the other zones, Further- 
more, in animals, the zona reticularis may 
undergo seasonal enlargement, correspond- 
ing to the breeding periods. Zalesky * 
found the reticular zone hypertrophied in 
squirrels during breeding. Price ** demon- 
strated reticular zone hyperplasia in the 
newborn castrated rat. 5° using the 
cat, demonstrated a prominent zona reticu- 
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laris in both sexes of the immature animal 
and showed degeneration of the reticularis 
during sexual maturity. However, it uni- 
formly reappeared following castration or 
during senility. Furthermore, following 
testosterone the reticular zone was reduced 
in size. This suggested that the zona reticu- 
laris was the source of androgens. Canadell 
and Rodriquez-Soriano ® showed in mice 
castrated before puberty that a dense zone 
near the medulla, known as zone X, devel- 
oped within the cortex. This zone was 
shown to atrophy following testosterone ad- 
ministration. Chester-Jones showed that 
the X zone in castrated and hypophysecto- 
mized mice was somewhat atrophic and less 
prominent than in mice which had been 
castrated only, This author also demon- 
strated that the X zone of mice undergoes 
atrophy following testosterone administra- 
tion. Delost,®* using castrated European 
field rodents, also demonstrated a difference 
in the reaction of the zona glomerulosa and 
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that of the inner zona fasciculata and the 
zona reticularis. He showed that the wide 
zone X disappeared at the time of sexual 
maturity and reappeared in the castrated 
animal. He concluded that this zone was 
similar to the X zone of mice and suggested 
that the changes were due to the need for 
androgens, which would be supplied by the 
inner zones of the adrenal cortex. 


Evidence Against the Theory of 
Functional Zonation 


Most of the evidence against the theory 
of functional zonation is based on studies 
showing adrenocortical regeneration follow- 
ing enucleation, indicating that the adrenal 
cortex can regenerate from the remnants 
of the zona glomerulosa and the capsule.*® 
Chester-Jones® and co-workers postulate 
that adrenal steroids are elaborated by the 
outer part of the zona fasciculata, with the 
zona glomerulosa serving only as an auxil- 
iary 
the 
the This is considered 
suggestive evidence that cells may be nor- 
mally formed in the outer zone and pass into 
the reticularis before dying. Baker and 
Baillif* and Greep and Deane’ showed 
that if the adrenal cortex was enucleated 
from the capsule, the zona glomerulosa 
would regenerate and the inner zones would 
ultimately be replaced. With colchicine they 
showed marked mitotic activity in the inner 
part of the capsule following enucleation. 
Specifically, in animals killed at varying time 
intervals after enucleation, narrow cords of 
cells formed from the capsule and became 
the zona glomerulosa. Irom the inner mar 
gins of these cell groups, new cells pro- 
liferated toward the center of the gland, 
forming the zona fasciculata. They were 
apparently guided by radially arranged con- 
nective tissue strands. The innermost parts 
of these cords showed branchings among the 
connective tissue, from which the zona 
reticularis ultimately formed after about 
three weeks. Baxter ** confirmed this work 
and assumed that the fibroblasts of the cap- 
sule were precursors to the cortical cells. 


source of cells, since regeneration of 
entire cortex can occur from cells of 
zona glomerulosa. 
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Correlating this theory of capsular regenera- 
tion with his theory of hormonal origin, 
Chester-Jones® postulated that the active 
site of hormonal production was in the 
greatest area of cellular activity, i. ¢., the 
outer area of the zona fasciculata. 

Further evidence for the cell-migration 
theory is offered by Chester-Jones and 
Wright.” Using a group of rats with enucle- 
ated adrenal cortices as compared with rats 
with total adrenalectomies, it was shown that 
adrenalectomized rats chose saline over tap 
water, while enucleated rats preferred tap 
water to saline. Enucleated rats with some 
adrenal cortical regeneration had less need 
for saline, presumably because these animals 
were capable of conserving sodium. Studies 
on the cortex histologically showed fascicles 
forming from the capsule with some re- 
generation of the zona fasciculata. It is 
problematical from the point of histologic 
identification whether the zona glomerulosa 
or the outer zone of the zona fasciculata 
was responsible for the conservation of 
sodium. Chester-Jones also noted that the 
zona glomerulosa reflected the amount of 
circulating corticotropin. An increase in 
corticotropin caused more cell division in 
the outer zone of the zona fasciculata and 
in the zona glomerulosa; but when cortico- 
tropin titers fell, new cells in the outer zona 
fasciculata were not transformed into zona 
fasciculata cells but seemed to add to the 
glomerulosa.® Although the zona 
glomerulosa exists without pituitary stimula- 
tion, in enucleated animals it 
respond to corticotropin, In accordance 
with this theory, the cells of the zona 
glomerulosa represent a basic type of corti- 
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cal cell, and hypophysectomized animals are 
thought to secrete small amounts of all types 
of adrenocortical hormones. 

According to the cell-migration theory, 
the zona reticularis has a passive role, being 
the layer in which the cells die.” Degenerat- 
ing cells are not numerous but can be found. 
Following corticotropin a prominent zona 
reticularis appears, presumably, according 
to this view, because the corticotropin caused 
an increase in the zona fasciculata, which, 
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in turn, sends more cells to the zona reticu- 
laris to undergo degeneration. Weber and 
Menten * cast more evidence against the 
zonation theory and its concept of the origin 
of the androgens by demonstrating a viriliz- 
ing tumor from a 3%-year-old boy in which 
the cells of the tumor showed transforma- 
tion into cells similar to those found in all 
zones of the adrenal cortex. Houssay et 
al.,*° furthermore, showed nodular hyper- 
plasia in the zona glomerulosa of castrated 
rats. Other reports **? have given conflict- 
ing results following castration of mice and 
administration of estrogens. Small cortical 
adenomas have followed castration within 4 
to 12 months. 
described as coming from the adrenal cap- 
sule.** Finally, Huseby and Bittner 
transplanted adrenal glands from inbred 
mice strains to gonadectomized and adrenal- 
ectomized mice. In diffuse 
hyperplasia of the adrenal glands occurred 
and no specific zone was involved. The 
hyperplasia carcino- 
matous proportions, and detectable amounts 
of estrogens were produced by the trans- 
plant. 


These adenomas have been 


some strains 


sometimes reached 


Further Considerations 

I:vidence against the cell-migration theory 
is presented by Race and Green,® who 
showed mitoses throughout the adrenal cor 
tex, indicating that cellular multiplication 
could occur in the zona reticularis and zona 
fasciculata, Chester-Jones ® offers a recon- 
sideration of former observations concerning 
enucleated rats which preferred tap water 
to saline. It can be suggested that the 
glomerulosal cells were presumably the first 
cells regenerated, If so, this would tend to 
lend credence to the functional zonation 
theory, i. e., that the zona glomerulosa 
secretes salt-regulating hormones. Thus the 
animal would have less need for salt intake 
than would an adrenalectomized rat. The 
entire interpretation of this point hinges on 
histologic identification of these cells as of 
glomerulosa origin or outer fasciculata type. 

Using the general outline of the previous 
work of Race and Green,’ a current series 
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stimulate the zona glomerulosa by salt de- 
pletion through peritoneal dialysis and 
sodium-free diet; to stimulate the zona 
fasciculata by corticotropin and the zona 
reticularis by orchiectomy, simultaneously 
correlating the adrenal morphology with 
serum sodium and potassium levels, and with 
the excretion of 17-hydroxycorticoids and 
17-ketosteroids. 
Materials and Methods 

The experimental animals consisted of 31 mon 
grel dogs, both female and male. These were 
divided into four groups. All were fed a standard 
diet of Dog Chow (Ralston Purina Company) or 
a special diet, as in Group 2 

Group 1 consisted of control animals 

Group 2 consisted of 10 dogs, 3 females and 7 
males, which were fed daily on a sodium-free diet, 
ad libitum, one to two rations, each consisting otf 
the following : 


Casein 60 gm 
Dextrose 150 gm 
Peanut oil 15 gm 
Distilled water 1 gm 
Potassium chloride 100 ce. 
Multivitamins * Y capsule 


Standard base-line serum sodium and potassium 
levels were established (procedure of Baird As 
sociates, Inc., using internal standard) prior to the 
initiation of the experiment. Thereafter, the ani- 
mals were subjected to peritoneal dialysis to re- 
move serum sodium. Approximately 500 cc. of 
5% dextrose in water was injected intraperitoneally 
and allowed to remain for three to four hours 
Thereafter, the dialysate was withdrawn from the 
abdomen, and sodium and potassium determinations 
were made on the dialysate 

The serum sodium and potassium levels of the 
treated dogs were determined approximately every 
second day, and dialysis was repeated if necessary 
to maintain the dogs in a hyponatremic state 
Five dogs were kept in a state of sodium defi 
ciency for 32 days. The remaining five dogs were 
maintained for 10 to 20 days 

Group 3 consisted of six dogs, four females and 
two males, which were injected daily with 40 units 
of corticotropin t intramuscularly and were main 
tained for 28 days. By rotating the dogs through 
metabolic cages, a 24-hour urine specimen was 
collected on an average of every five days through- 
out the experiment. The urinary 17-hydroxycorti- 
coids were measured by the Reddy modification” 
of the Porter-Silber method. Each time interval 


* Unicaps, The Upjohn Company 
+ Corticotropin (ACTH), The Armour Labora- 
tories, List 1140 
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WIDTH OF ZONA GLOMERULOSA OF ADRENAL 
SOO'1UM DEFICIENT DOGS COMPARED wiTH 
SERUM SODIUM LEVEL 
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Graph 1 


AVERAGE EXCRETION OF 17-HYDROXxY- 
CORTICOIDS AND 17-KETOSTEROIDS 
IN CORTICOTROPIN-TREATED DOGS 
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17-HYDROXYCORTICOIDS 
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Graph 2 


in Graph 2 corresponds to a period of approxi- 
mately five days. An estimation of 17-ketosteroid 
excretion was made by use of a modified Zimmer 
man“ technique, utilizing the same urine samples 

Group 4 consisted of six dogs, all males, which 
were orchiectomized and maintained for 53 days. 
During this period, dogs were rotated in metabolic 
cages, and 24-hour urine specimens were collected 
for 17-ketosteroid determination by the modified 
Zimmerman technique.” Each time interval in 
Graph 3 corresponds to approximately eight days. 

The animals in all experimental groups were 
killed by intravenous injection of 150 mg. of pento- 
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AVERAGE EXCRETION OF 17-KETOSTEROIOS 
IN ORCHIECTOMIZED MALE DOGS 


Excretion in mg./24 hr 
& 


Orchiectomy! Time Intervals After Orchiectom: 


Graph 3 


barbital (Nembutal) sodium. The dogs were im- 
mediately the were cleaned 
and weighed in the fresh state on a standard ana- 
lytical balance. After weighing, the adrenals were 
fixed in 5% formalin for 24 hours. Cross sections 


autopsied ; adrenals 


were taken in two areas from each gland to show 
the entire cross section of the gland. These were 
embedded for routine paraftin sections, which were 
cut at 6g and stained with hematoxylin and eosin 
The adrenals of all animals were studied under 
subjected to the 
By means of a standard 


identical conditions and were 
following measurements 
eyepiece micrometer (American Optical Company, 
Model #1406), which was calibrated against a 
stage micrometer divided into units of 0.01 mm. 
(American Optical Company), the widths of the 
glomerulosa, fasciculata, and zona 
reticularis were measured. In each zone six ran- 
dom separate made, the 


arithmetical mean was computed. For each group 


observations were and 


Tasie 


of animals all observations were included in de- 
termining the average for the group.“ Thus, 
any mean appearing in Tables 1 or 2 is based upon 
at least 108 separate observations. For each group 
the and the standard deviation were 
culated 


mean eal- 


Results 


Table 1 contains the data relating to the 
sodium-deficient group. It shows the dog 
weights, the combined adrenal weights, the 
electrolyte status, and the width of zones 
of the adrenal glands. 

The average dog weights were similar 
in sodium-deficient and in control groups. 
The combined adrenal weights were signifi- 
cantly increased in the sodium-deficient dogs 
(P=0.015 by “student's” t-test), It is noted 
that the average serum sodium in the ex- 
perimental group was significantly lowered 
after dialysis and after ingestion of 1 gm. 
of potassium chloride daily. The width of 
the zona glomerulosa was increased for the 
group as a whole, although the increase was 
not significant (P=0.1). 

Analysis of Graph 1, showing the serum 
sodium plotted against the mean width of 
the zona glomerulosa, reveals that three dogs 
with very low serum sodium did not respond 
by glomerulosal hypertrophy, However, in 
seven dogs there was, in general, a linear 
increase in the width of the glomerulosa 


Width of Zones of Adrenal Glands with Serum Electrolyte Concentrations 


Averages with Standard Deviations and Probabilities of Significance 


Combined 
Adrenal 
Weights 

in Mg. 


Dog Weighted 
in Kg 


No. 


Serum Sodium 
IDogs 


in mEq/\ 


Group 


Wide 
Serum Potassium 


mn 


Zona 
Reucularis 


Zona 


Fasciculata 


Zona 
Glomerulosa 


8.4 812 
+335 |*226 


Control 


222.4 
+ 33.0 


166.5 
+165 


6396 
65.2 
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| 
Before + « 4 6 
“4 
| Zi i imu 
& 
After Before | After 
Dialysis Dialysis | Dialysis 
Sodium | 10] 8.5 41 | 1514 1347 | 469 | 7.48 191.0 7260 2337 7 
Deficiency *1.95 *257 | *87 |*103 | * 64 [7173 | +442 +1320 | +452 
P-0.015 P-0.003 P-002] | P06 
$17 


+. 
Fig. 1.—Adrenal from normal dog showing 
normal zona glomerulosa. Hematoxylin and eosin; 
reduced slightly from mag. & 136 


Fig. 2.—Adrenal from hyponatremic dog show 
ing imerease in width of zona glomerulosa with 
indistinct separation of the zona glomerulosa and 
fasciculata Hematoxylin and eosin; reduced 
slightly from mag. * 130 
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corresponding to the degree of sodium de- 
pletion. 

Microscopically (Figs. 2 and 3), the zona 
glomerulosa showed a general increase in 
width, depletion of fat content, and the de- 
velopment of an indistinct border between 
the zona glomerulosa and the zona fascicu- 
lata. In some animals (Fig. 3) a pseudo- 
tubular type of marked proliferation 
occurred in the zona glomerulosa. In the 
three dogs which did not respond, the zona 
glomerulosa in most areas was histologically 
indistinguishable from the normal. 

In association with the enlargement of the 
zona glomerulosa in the sodium-deficient 
animals, there was also a mean increase in 
the zona fasciculata which was not statis- 
tically significant (P=0.1). The zona retic- 
ularis showed no detectable change. 

Table 2 shows data from the corticotropin- 
treated and orchiectomized dogs. The aver- 
age 17-hydroxycorticoid and 17-ketosteroid 
excretions are correlated with the widths of 
all zones. 


Fig. 3.—Adrenal of hyponatremic dog showing 
pseudotubular hyperplasia of zona glomerulosa 
with very indistinct separation of zona glomeru- 
losa and zona fasciculata. Hematoxylin and eosin ; 
reduced slightly from mag. X 130. 
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Taste 2——Width of Zones of Dog Adrenal Glands with 17-Hydroxycorticoid and 
17-Ketosteroid Excretion 
Averages with Standard Deviations 


(The width of the zona fasciculata in the control group should be 639.62:65.2,) 


Combined 
Adrenal 
Weights 
in Mg. 


Dog 
Weights 
in Kg. 


17 Hydroxycorticos 
Excretion in 
Mg/24 Hours 


Group 


id 


Zona Zona Zona 


Glomeruiosa | Fasciculata | Reticularis 


Excretion in 


Mg Hours 


84 812 


166.5 6396 222.4 


+335 | 


Before 


Treatment 


After 


Treatment 


Before 
Treavment 


After 
Treatment 


Corticotropin 


5.5 
+3) 


74 


Treated 


12 
1.3 


14 


Orchiectomized 


It is to be noted that the weights of the 


dogs were similar. The combined adrenal 
weights of the corticotropin-treated animals 
were significantly increased (P=0.01). It 
is noted also that the 17-hydroxycorticoid 
and 17-ketosteroid excretions were increased 
after corticotropin, although not markedly 
Graph 2 shows the excretions of 17- 
hydroxycorticoids and 17-ketosteroids deter 
mined at separate time intervals after the 
administration of corticotropin. It will be 
noted that 17-hydroxycorticoid excretion 
was markedly above the base line on the first 
determination and thereafter fell, later rising 
and finally falling below the base line at the 
end of the fourth week. The 17-ketosteroid 
excretion rose only slightly. 


SO. 


The width of the zona glomerulosa was 
not significantly increased in the cortico- 
tropin-treated dogs (P=0.25). The width 
of the zona fasciculata was increased sig 
nificantly (P=0.01). The zona reticularis 
was unchanged in width. Microscopically, 
the adrenals of corticotropin-treated animals 
showed a lack of clear-cut distinction be- 
tween separate zones, some depletion of fat 
from cytoplasm, and a subjective impression 
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of increased numbers of cells in the zona 
fasciculata. 

Fig. 4.—Adrenal from normal dog showing all 
zones of adrenal cortex. Note the distinct appear- 


ance of the zona glomerulosa. Hematoxylin and 
eosin; reduced slightly from mag. 35. 


: 
7 
| f 
9 
Control 
79) 
6 181.2 857.0 2206 
42) 
20 
8.5 1020 36 2.1 146.8 621.5 249.1 
—|— 
+214 #22 | 406 117.5 $273.2 £307 
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Fig. 5.—Adrenal from corticotropin-treated dog 
showing hyperplasia of the zona fasciculata and 
zona reticularis with very indistinct borders be 
tween all zones. Hematoxylin and eosin; reduced 
slightly from mag. & 35 
The orchiectomized Table 2 
showed increased mean adrenal weights not 
0.1). 


17 ketosteroids, as noted in 


dogs in 


statistically significant (P 
excretion of 
Table 2, 
tomy in this group of male dogs. Graph 3 
shows the level of 17-ketosteroid excretion 
over the two-month period following orchi- 
ectomy, It will be noted that the level of 
excretion fell rather markedly after orchiec- 
tomy and was maintained at that level for 
several weeks, However, in the seventh and 
eighth weeks the 17-ketosteroid excretion 
rose, but not to the base line of the pre- 
orchiectomy level. 


The mean 


fell moderately following orchiec- 


Measurements of the 
zones revealed an unexplained decrease of 
zona glomerulosa width, while the zona 
fasciculata was unchanged. The zona reticu- 
laris was increased in width, though not 
significantly so. Microscopically (Fig. 6), 
there appeared to be clear demarcation be- 
tween all zones. There was no objective 
cellular evidence of hyperplasia of the zona 
reticularis, 
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Fig. 6 —Adrenal from orchiectomized dog 
showing relatively prominent zona reticularis with 
narrow zona fasciculata and normal-appearing 
zona glomerulosa. Hematoxylin and eosin; re- 
duced slightly from mag. & 35. 


Comment 

The design of these experiments on dogs 
was such as to accomplish the objective of 
confirming similar previous work in rats by 
Race correlate the 
morphologic changes of the adrenal cortex 
with the serum electrolyte levels and the 
hormone excretions. 


and Green*® and to 


These studies indicate 
that hypertrophy of the zona glomerulosa 
which consistently develops in rats rendered 
hyponatremic is not reproducible in the dog 
with the same regularity. However, since 
seven of the dogs did respond by glo- 
merulosa hypertrophy, it is likely that the 
increase in size was the result of a lowered 
serum sodium-potassium ratio. It would be 
desirable to repeat this work while simul- 
taneously correlating the aldosterone excre- 
tion with the morphology and the serum 
electrolyte levels. 

In considering the width of the zona 
glomerulosa, it is interesting to note® that 
in rats and in these dogs the greatest in- 


crease in zona glomerulosa occurs with 


64, Sept., 1957 


ee 
J 


ADRENAL CORTEX—FUNCTIONAL ZONATION 


sodium deficiency, but that a definite increase 
occurs in both rats and dogs following corti- 
cotropin. In both rats and dogs the zona 
glomerulosa was smallest in the orchiecto- 
mized group. 


In the corticotropin-treated dogs, the in- 
crease in the size of the zona fasciculata 
was significant, confirming the work of 
previous investigators in other animals.'* 
*8.24 Therefore, the hypertrophy of the zona 
fasciculata may be interpreted as a direct 
result of the corticotropin treatment, since 
it was also associated with an increased 
excretion of 17-hydroxycorticoids (Table 
2). Of interest is the excretion of 17-hy- 
droxycorticoids in relation to the time after 
corticotropin treatment began. The initial 
excretion following corticotropin therapy 

as high but later dropped, then rose 
secondarily, finally dropping below the base 
line. The initial peak may possibly repre- 
sent an initial unloading of stored hormones. 
The 17-ketosteroid excretion following corti- 
cotropin was increased on the average but 
did not form a specific pattern. 

In the orchiectomized dogs (Graph 3) the 
17-ketosteroid excretion fell initially, as 
would be expected. However, in the follow- 
ing weeks the excretion of 17-ketosteroids 
was maintained at about one-half the previ- 
ous level, presumably by the adrenal glands. 
It is of interest to note that during the 
seventh week after orchiectomy the 17-keto- 
steroid excretion level rose. This possibly 
was associated with some hyperplasia of the 
zona reticularis. However, the mean en- 
largement of the reticular zone (Table 2) 
was not marked or statistically significant. 

These correlative studies are considered 
to be evidence in favor of the functional 
zonation theory. Correlative studies such as 
these consist of circumstantial evidence, 
which is at best suggestive but not conclu- 
sive. Therefore, it would appear to be highly 
advantageous to develop microchemical tech- 
niques for the identification of aldosterone, 
17-hydroxycorticoids, and 17-ketosteroids, 
in situ, within the separate zones of the 
adrenal gland. By this method, the fune- 
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tional zonation theory could be demonstrated 
more conclusively. 


Summary and Conclusion 


To elucidate the problem of functional 
zonation of the adrenal cortex, dogs were 
subjected to adrenal stimulation by perito- 
neal dialysis with sodium deprivation, corti 
cotropin administration, and orchiectomy. 
Serum electrolyte, 17-hydroxycorticoid, and 
17-ketosteroid determinations were made. 

Adrenal weights and measurements of 
widths of each of the zones were made and 
correlated with the serum sodium and po- 
tassium levels and with the 24-hour 
excretion of 17-hydroxycorticoids and 17- 
ketosteroids, 

The width of the zona glomerulosa in 
dogs following sodium depletion showed a 
mean increase which was not statistically 
significant. 

The zona fasciculata was significantly in- 
creased in size following corticotropin, This 
was associated with increased excretion of 
17-hydroxycorticoids in the urine. 

The zona reticularis showed slight in 
crease in thickness, not statistically signifi- 
cant, following orchiectomy. The excretion 
of 17-ketosteroids fell after orchiectomy but 
showed a subsequent rise after seven weeks. 
Possibly this was secondary to hyperplasia 
of the zona reticularis. 

These correlative functional and histologic 
studies are considered to be circumstantial 
evidence in favor of the theory of functional 
zonation, 

It would appear to be highly advantageous 
to develop microchemical techniques for the 
identification of aldosterone, 17-hydroxycor- 
ticoids, and 17-ketosteroids, in situ, within 
the separate zones of the adrenal gland, us- 
ing fresh adrenal slices. By this method 
the functional zonation theory might be 
demonstrated more conclusively. 


Department of Pathology, Southwestern Medical 
School of University of Texas 
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Peritoneal Exudate Cells 


Kecently evidence has been presented that 
either lymph node cells (90% lymphocytes ) 
or peritoneal exudate cells (70% macro- 
phages) from previously sensitized donor 
rabbits are capable of transferring to x-ir- 
radiated recipient rabbits the ability to make 
a secondary immune response upon exposure 
to the specific antigen.’* The immune re- 
sponses associated with these two types of 
transfers were similar in time of onset, 
duration, and magnitude and in the immuno- 
chemical behavior of the antibody formed.® 
The present report deals with the histologic 
study of the transferred cells and shows a 
correlation between the immunologic and 
the morphologic events subsequent to cell 
transfer, 


Materials and Methods 


Complete descriptions of the materials and 
methods used in these studies have been published 
previously.” Donor rabbits, weighing approxi- 
mately 2.5 kg., were immunized by repeated sub 
cutaneous and intravenous injections of bovine 
serum albumin (BSA), totaling 230 mg. over a 
period of one month. Approximately 20 days after 
the last antigen injection, 100 ml. of sterile high- 
viscosity mineral oil * was injected intraperitoneally 
through a trocar inserted in a small “stab” incision 


Submitted for publication Jan. 21, 1957 

From the Department of Pathology, University 
of Pittsburgh School of Medicine 

This study was supported by the U. S. Atomic 
Energy Commission Contract AT (30-1) -1205. 

Publication 66 of the Department of Pathology, 
University of Pittsburgh School of Medicine 

Presented in part at the 53d Annual Meeting of 
the American Association of Pathologists and 
Bacteriologists, Cincinnati, April 26, 1956 

* Drakeol, 350 viscosity, Pennsylvania Refining 
Company, Butler, Pa 


324 
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in the anterior abdominal wall. Donors were killed 
three days after the injection of mineral oil, and 
the sterile peritoneal exudates were pooled, sepa- 
rated from the oil by centrifugation at 400 g for 
five minutes, and prepared as free-cell suspensions 
Lymph node cells from mesenteric and popliteal 
lymph nodes of these same donors were also pre- 
pared as free-cell suspensions. Aliquots of both 
cell suspensions were counted in Spencer Brite 
Line chambers for total number and viability using 
trypan blue.* Differential counts based on 1000 cells 
were made on Wright-stained smears. Dead cells 
were obtained for control observation by repeated 
freezing and thawing, or by incubating at 60 C 
until trypan blue stains showed dye uptake by more 
than 75% of the cells in two minutes. 

Two days before injection of cells the recipient 
rabbits, none of which had had any previous ex 
posure to BSA, were x-irradiated (400 r whole 
body) to suppress completely any primary immune 
response to bovine serum proteins for at least 
two weeks. About 500,000,000 viable cells sus 
pended in 10 to 20 ml. of PVP-Macrose t+ were 
injected subcutaneously and intramuscularly in a 
manner that would disseminate them widely over 
the anterior abdominal wall of the recipient rabbit 
Immediately after the injection of cells 1.5 mg 
of I™-trace-labeled BSA injected intra- 
venously into the recipients. The immune response 
was measured by observing elimination of labeled 
antigen and maximum concentration of circulating 


antibody.*" 


At appropriate intervals during the 
immune response the recipient rabbits were killed, 
and the injection sites were excised, fixed in neutral 
formalin, dehydrated in alcohol, and impregnated 
with paraffin. Sections 5¢ to 8 thick were stained 
with hematoxylin and eosin and pyronin-methyl 
green.” 


Experimental Procedures 


Histologic material was obtained from four types 
of experiments 


+ PVP-Macrose (Schenley Laboratories, Inc.) 
consists of 3.5% polyvinylpyrrolidone in a solution 
of NaCl, 0.65%; KCl, 0.04%; CaCl, 0.025%; 
MeCl, 0.0005%, and Sodium bicarbonate, 0.024% 
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In the first type of experiment, designed to help 
differentiate transferred cells and host cells in the 
injection sites, live and killed lymph node cells 
from the same donor pool were injected into two 
separate sites in two recipient rabbits 


received BSA and were 


each of 
These recipients then 
killed nine days later 

In the second type of experiment, which provided 
serial observations of the transfer sites, live lymph 
node or peritoneal exudate cells were injected into 
24 recipient rabbits and then stimulated by BSA 
One or two of the recipients were killed one hour 
after transfer and on Days 1, 2, 3, 4, 5, 6, and 8 
or 9. Dead lymph node cells were injected into 
six recipient rabbits, and two recipients were killed 
one, four, and nine days after transfer. 

In the third type of experiment, designed 
primarily to quantitate the antibody response, in- 
jection sites from more than 50 recipients of lymph 
node cells and more than 25 recipients of peritoneal 
exudate cells were obtained 8 or 10 days after 
the transfer of the cells. These experiments pro- 
vided material for correlating the amount of anti- 
hody formed with the histologic appearance of the 
transfer sites. 

The fourth type of 


experiment, intended to 


determine the role of antigenic stimulation in the 


Fig. 1.—Preinjection smear, lymph node cells 


The photomicrograph is overexposed for nuclear 
detail i 


Wright stain; * 1300 


development of the transferred cells, consisted of 
four recipient rabbits given injections of live lymph 
node cells and not stimulated with antigen 
recipients were killed 9 days and two 11 days after 
transfer 


Two 


Results 


A, Lymph Node Cell Transfers.—The 
preinjection smears (Fig. 1) of lymph node 
cells showed the following distribution of 
cell types: lymphocytes, 90% (82-96) ; 
macrophages reticuloendothelial cells, 
8% (4-15); plasma cells, 1% (0-4) ; miscel- 
laneous cells, 1% (0-3). The macrophages 
and reticuloendothelial cells from lymph 
nodes appear to be derived from the stromal 
cells of the nodes. 

Table 1 characterizes the cell populations 
found in the cell transfer sites in those ex- 
periments in which BSA was injected after 
transfer of live lymph node cells and a good 
anti-BSA response was observed. The cell 
populations in these sites are compared in 


wy 
an 
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2.—Preinjection smear, peritoneal exudate 


Fig 
cells, Wright stain; « 1300 


Taste 1—Morphology of Lymph Node Cell Sites* 


Day of Killing 


Cell Type 0 1 4 5 9 
Lymphocyte._... +++ +++ ++ + + + + 
Transitional and preplasma cell + ++ +++ +++ ++4 ++ + 
Plasma cell. .... + + ++ ++ +++ +++ 
Macrophage + ++ +++ +++ ++ ++ , + 
Heterophi + ++ +++ ++ + + + + 
Fibroblast + + ++ +++ 
Giant cell + + ++ +++ +++ +++ 


* Live lymph node cells; stimulated with antigen; good[anti-BSA response. 
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Taste 2. € Morphology Lymph Node Cell Sites 


Cell Type 


Lymphocy 

and breplasme cell... 
Plasma cell. 

Heterophil. 

Macrophage 

Fibrobiast........ 

Giant cell... 


* Stimulated with BSA; good anti-BSA response observed 
1 Stimulated with BSA; no anti-BSA response observed. 
t Not stimulated with BSA; no anti-BSA produced. 


age 


Fig. 3 (Day 1).—Lymph node cells. Note reg- 
ular distribution in edematous site. Hematoxylin- 
eosin stain; 149 


Table 2 with those observed in the transfer 
sites of dead lymph node cells and live lymph 
node cells not stimulated by antigen. 
Transfer of Live Lymph Node Cells with 
Subsequent Injection of Antigen: One day 
after the transfer of live cells the edematous, 
poorly defined injection sites contained 


Fig. 5 (Day 1).—Lymph node cells. Two host 
heterophils and one host macrophage with well- 
preserved lymphocytes. Hematoxylin-eosin stain; 
1300, 


Day of Killing 


Fig. 4 (Day 1).—Peritoneal exudate cells. Mar- 
gin of site with infiltration between muscle fasci- 
culi, Hematoxylin-eosin stain; 140. 


numerous readily visible, well-preserved 
lymphocytes, a few heterophils, and a few 
macrophages (Figs. 3 and 5). At this time a 
few large, otherwise unidentifiable pyronino- 
philic cells were seen. From two to four 
days after transfer the edema in the site 
disappeared and many of the lymphocytes 


Fig. 6 (Day 1).—Peritoneal exudate cells; oil- 
filled macrophages prominent. Hematoxylin-eosin 
stain; 1300 
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Live* Dead{ Live Dead Live Dead Livet 
Cells Cells Cells Cells Cells Cells Cells 
+++ +44 + + + 
| oe + +++ + + + + 
+ ++ +++ +++ + ++ 
F ; + +++ + ++ ++ 
+ ++ +++ +++ 
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Fig. 7 (Day 4).—Lymph node cells. Necrosis 
and giant cell in upper left. Irregular margin 
near muscle in lower right. Hematoxylin-eosin 
stain; < 280. 


were found about vessels and nerves in the 
intramuscular and subcutaneous tissues. 
Death of cells in the transfer sites varied 
considerably from recipient to recipient, 
probably dependent in part upon the dis- 
tribution of the injected cells. When dense 
aggregation of the injected cells occurred, 
there was always necrosis of the cells in the 
centers of the aggregates. Heterophils were 


found throughout the aggregates, particu- 
larly in and about the necrotic areas. The 
amount of necrosis in intramuscular deposits 


Fig. 9 (Day 4).—Lymph node cells. Focus of 
cells near muscle. Several large “transitional” 
cells present. Hematoxylin-eosin stain; 1300. 


Roberts et al. 


Fig. 8 (Day 4).—Peritoneal exudate cells. 
Muscle fibers lower right. Oily macrophages still 
prominent. Hematoxylin-eosin stain; 


appeared to be less than in similar-sized 
subcutaneous deposits. Macrophages were 
also prominent in the sites during this 
period. Necrosis and infiltration by hetero- 
phils and macrophages reached a peak within 
three to four days and then subsided. Be- 
tween Days 2 and 4, the number of lympho- 
cytes decreased, and occasional large, 
immature pyroninophilic cells, comparable to 
Fagraeus’ “transitional’’ cells, as well as 
many smaller pyroninophilic “preplasma”’ 


Fig. 10 (Day 4).—Peritoneal 
Focus of cells near margin. Large “transitional” 
cells present. Several plasma cells also are seen. 
Hematoxylin-eosin stain; & 1300. 


exudate cells. 
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Lymph node cells. 
Hematoxylin-eosin stain; * 140. 


Lymph node cells 
with many mature plasma cells and a few pre- 
plasma cells around a small blood vessel 
toxylin-eosin stain; 


A 
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(Day &).—Peritoneal exudate cells 
Fibrosis along margin at left. Hematoxylin-eosin 


x 140 


(Day &).—Peritoneal exudate cells. 
Focus with many plasma cells and a few preplasma 
cells around a small blood vessel. Most of the cells 
are pyroninophilic. Pyronin-methyl green stain; 
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cells,"” appeared, especially around nerves 
and vessels (Figs. 7 and 9). Fibroblasts and 
multinucleated foreign-body giant cells ap- 
peared about the aggregates from the third 
day on and persisted throughout the period 


of observation. The number of these cells 
varied directly with the amount of necrosis. 
Mitotic activity in the live cell sites was in- 
conspicuous. Counts of all cells in repre- 
sentative areas of the sites revealed no more 
than one mitotic figure per 500 cell nuclei 
during the two-four day period. From the 
fifth to the ninth day after transfer the sites 
changed little in outline. These 
zones of necrosis became less conspicuous, 
and the fibroblasts and foreign-body 
giant cells formed a definite border about 
the sites; this border varied in thickness 
from 50 to 500u. A prominent increase in 
the number of mature pyroninophilic plasma 
cells was noted with time ( Figs. 13 and 15). 
By the eighth to the ninth day these plasma 
cells frequently outnumbered any other cell 
type. They were most evident in the periph- 
ery of the transfer sites, especially around 
the nerves and vessels. There also were z 
moderate number of “preplasma”’ 
similar to those seen earlier, 
Transfer of Dead Lymph Node Cells with 
Subsequent Injection of Antigen: One day 
after the transfer of dead cells, either 
frozen-thawed or incubated, the injection 
sites had a slightly more intense heterophilic 
reaction than the live cell sites, but other 
than this little difference could be detected. 
From two to four days after transfer of 
dead cells, edema, disappearance of lympho- 
cytes, necrosis, and heterophilic and macro- 


size or 


cells, 


Fig. 15 (Day 8).—Lymph node cells. Almost all 


cells in this focus are mature plasma cells, Hema- 
toxylin-eosin stain; 


1800 


Roberts et al. 


phagic infiltration were the same as with live 
cell transfers, but only a few pyroninophilic 
cells appeared. Mitotic activity in these sites 
was of the same magnitude as or slightly less 
than mitotic activity in the live cell sites. 
From the fifth to the ninth day almost no 
preplasma cells or plasma cells were ob 

served. The heterophilic and macrophagic 
response reached a peak at about three days 
and then subsided ; foreign-body giant cells 
and fibroblasts appeared at about three days 
and persisted throughout the period of ob 

servation. 

Transfer of Live Lymph Node Cells 
Without Subsequent Injection of Antigen: 
In these sites, obtained 9 and 11 days after 
transfer of live cells, lymphocytes, transi 
tional and preplasma cells, and plasma cells 
were rare. Otherwise these sites resembled 
the sites of live cells stimulated with antigen. 

B. Peritoneal Cell Transfers.—The prein- 
jection smears (lig, 2) showed the follow- 
ing distribution of cell types {: macrophages, 
71% (65-77); lymphocytes, 11% (7-16); 
heterophils (rabbit granulocytes), 16% (11 
20); miscellaneous cells, 2% (0-8). Ap 
proximately two-thirds of the macrophages 
contained definite oil vacuoles. The macro 
phages in the peritoneal exudate cells were 
probably derived from several sources: his 
tiocytes and fibroblasts from the adjacent 
peritoneal connective tissue, mesothelial 
lining cells, and lymphocytes. The cell popu 
lations observed at various times in the 
recipient sites of live peritoneal exudate 
cells stimulated by antigen after transfer 
are listed on Table 3. 
of Peritoneal Exudate 
Cells with Subsequent Injection of Antigen 
One day after transfer the ill-defined, 
sites included many well-pre 
served macrophages which contained oily 
vacuoles (Figs, 4 and 6). Occasional very 
large pyroninophilic cells with the morphol 
ogy of Fagraeus’ “transitional” cells were 
seen. Rarely these “transitional” cells con- 
tained a few oily vacuoles, A few lympho 
cytes and a moderate number of heterophils 


Transfer Live 


edematous 


tDr. J. W. Rebuck performed several of these 
counts 
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Taste 3.—Morphology o 


A. M. A. ARCHIVES OF PATHOLOGY 


Cell Type 2 
Lymphocyte. + 
Transitional and preplasma cell ++ + ++ +++ +++ ++ + + 
Plasma cell + ++ ++ +++ 
Macrophage, oily +++ +++ ++ ++ + + + + + 
Macrophage, nonoily ++ ++ +++ +++ +++ +44 ++ 
Heterophil ++ ++ +++ +++ +++ +++ +++ ++ ++ 
Fibroblast .__... + ++ ++ +++ +++ +++ +++ 
Giant cell........- + +++ +++ 


were present. rom the second to the fourth 
day, the edema disappeared, the cells tended 
to gather about nerves and vessels in the 

site, and central necrosis in the larger ag- 

gregates appeared, much as after transfer of 

lymph node cells. Heterophils became very 

prominent in these sites about the third day 

and persisted throughout the observation 

period, decreasing slightly on the eighth and 

ninth days. Nonoily macrophages also 

reached a peak about the fourth day and 

persisted throughout the observation period. 

The number of oil-containing macrophages 

decreased, and many pyroninophilic “transi- 

tional” and “preplasma” cells appeared 
(Figs. 8 and 10). Fibroblasts and foreign- 

body giant cells appeared on the second day, 
one day earlier than with lymph node cell 
transfers, and persisted throughout the ob- 
servation period. As with the lymph node 
cell transfers, the mitotic activity was not 
great. By the eighth or ninth day after 
transfer many pyroninophilic plasma cells 
were seen in those recipients who made a 
good antibody response (Figs. 12 and 14). 
When ge vod antibody responses to BSA were 
observed, both peritoneal exudate cell sites 
and lymph node cell sites were remarkably 
similar in morphologic appearance on Days 
8% to 10, with differentiation possible only 
because of the greater number of heterophils 
and macrophages in the sites of peritoneal 
exudate cells. 

Transfer of Dead Peritoneal Exudate 
Cells: Material for study during the first six 
days of development of the sites when dead 
peritoneal exudate cells were transferred 
was not available. But when sites of dead or 
live cells which, for unknown reasons, failed 
to make immune responses were studied on 
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* Live peritoneal exudate cells; stimulated with antigen; good ant!-BSA responses. 


Days 7, 8, or 9, the morphology was found 
to be remarkably similar to that of the dead 
lymph node cell sites, with a few more 
heterophils and nonoily macrophages, and 
there was the same lack of “transitional,” 
“preplasma,” or “plasma cells.” 


C. Correlation of Immune Response and 
Morphology of Transfer Sites —When the 
sites obtained from 54 recipients, 8 to 10 
days after transfer of cells, were studied 
without knowledge of the immune responses, 
29 of 30 good immune responses and 17 of 
24 poor immune responses were predicted 
correctly. The presence or absence of plasma 
cells was the criterion for predicting a good 
or a poor immune response. No other mor- 
phologic criterion proved useful. 


Comment 


Identification of transferred cells and host 
cells in the injection sites is not possible in 
serial morphologic studies. However, in- 
direct evidence was available regarding the 
origin of the cells observed. Heterophils, 
nonoily macrophages, fibroblasts, and for- 


eign-body giant cells were common to all 
sites regardless of source or viability of the 
transferred cells or antigenic stimulation. It 
seemed assume cells 
represented host response. The intensity 
of the heterophilic, nonoily macrophagic, 
fibroblastic, and foreign-body  giant-cell 
reaction appeared to vary directly with the 
amount of necrosis. (Although bacterial 
stains were not used, no bacterial colonies 
or other evidence of moderate or severe 
bacterial contamination was noted.) The 
longer duration of the heterophilic and 
macrophagic reaction observed in the peri- 


reasonable to these 
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toneal cell transfer sites was probably caused 
by release of the oil from the transferred 
macrophages. 

On the other hand, pyroninophilic “tran- 
sitional,”” “preplasma,” and plasma cells did 
not appear to be part of the recipient re- 
sponse. They were absent in the sites of 
recipients making no antibody responses and 
prominent in the sites of recipients making 
good antibody responses. If we assume 
that the lymphocytes present on the first day 
in the sites of lymph node cell transfers 
and the oily macrophages present and 
prominent on the first day in the sites of 
the peritoneal exudate cell transfers repre- 
sented donor cells, then the aggregates of 
these same cells around the nerves and blood 
vessels seen on the second and subsequent 
days probably also represented donor cells. 
Since these aggregates were also the first 
areas wherein the pyroninophilic plasma 
cells and their precursors were observed and 
since the increase of these cells paralleled 
the decrease of lymphocytes and oily macro 
phages, it seems not unreasonable to postu- 
late that the plasma cells arose from the 
transferred cells in either type of cell trans- 
fer. 

The immunologic findings in these experi- 
ments, showing remarkable similarity be- 
tween the antibody responses associated with 
lymph node cells and those with peritoneal 
cells ** are consistent with the morphologic 
similarities noted with both types of trans 
fer. In addition, the immunologic evidence 
indicates strongly that the transferred cells 
were responsible for the antibody response. 
The initiation of the response and the kind 
and amount of antibody formed all were 
consistent with a secondary response, as 
would be expected from the previously sen- 
sitized transferred cells. Restimulation of 
the recipients with BSA 7 to 14 weeks after 
cell transfer failed to elicit secondary re- 
sponses, supporting the contention that the 
recipients themselves had little part in the 
responses following cell transfer. Further, 
the immunologic evidence indicates that the 
major cell types transferred—lymphocytes 
in the case of lymph node cells and macro- 


Roberts et al 


were 


phages in the case of peritoneal cells 
most likely responsible for the antibody 
responses, In the case of the peritoneal cell 
experiments it seems unlikely that the lym- 
phocytes, making up 11% of the transferred 
cells, were responsible for the observed re- 
sponses, since transfer of lymph node lym- 
phocytes in numbers comparable to the 
lymphocytes in the peritoneal exudate re- 
sulted in little or no antibody response.?* 
With the lymph node cells it seems unlikely 
that the small numbers of reticuloendothelial 
cells or plasma cells in these preparations 
could have been entirely responsible for the 
responses, 
relation 


In addition, there was no cor- 
the frequency of the 
smaller cell types in either lymph node or 
peritoneal exudate cell transfers and the as 
sociated antibody responses. Also, the large 
amount of antibody synthesized in these 
experiments makes it unlikely that relatively 
few cells could be primarily responsible. 
Since (1) from the morphologic observa- 
tions it appeared likely that the transferred 
cells developed into plasma cells, and (2) 
the immunologic evidence indicated that the 
transferred cells made the antibody re 
sponses, and (3) the number of plasma cells 
and their precursors varied directly with the 
immune responses, it seems plausible that 
the plasma cells developed from the trans- 
ferred lymphocytes and macrophages as an 
integral part of the immune responses, 
These experiments support Fagraeus’ 
thesis that the early forms of the plasma 
cells predominate during the more active 


between 


phases of antibody synthesis, with classical 
plasma cells appearing later. In these ex 
periments the “transitional cells” and “pre 
plasma cells’” were most prominent during 
the period of greatest antibody synthesis 
in a secondary response, the third and fourth 
days after antigen stimulation,’* whereas 
the classical plasma cells predominated later, 
when antibody synthesis was decreasing. 
Although Coons et al." observed con 
siderable mitotic activity in the plasma cell 
series during the process of antibody forma- 
tion in the intact rabbit, our observations 
suggest that in the experimental milieu of 
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the cell transfer there is morphologic change 
of the transferred cells and relatively little 
mitotic activity associated with synthesis of 
antibody. Similarly, less mitotic activity was 
noted by Fagraeus in cultured tissues pro 
ducing antibody than in the same tissues of 


intact animals producing antibody.” 


Summary 


Lymph node cells, consisting principally 
of lymphocytes, or peritoneal exudate cells, 
consisting principally of macrophages, ob 
tained from previously immunized donor 
rabbits and transferred subcutaneously and 
intramuscularly to x-irradiated, immuno 
logically inert recipient rabbits, caused a 
typical secondary response in recipients after 
stimulation with the antigen, bovine serum 
albumin. On the basis of correlated immu- 
nologic and morphologic observations, it 
seems most likely that the transferred cells 
were primarily responsible for the antibody 
response. The major cell types, i. ¢., the 
lymphocytes of the lymph node cells and 
the macrophages of the peritoneal exudate 
cell, and their derivatives, were probably 
ultimate sources of antibody. When good 
immune responses were observed § after 
either type of cell transfer, large pyronino- 
philic cells were prominent in the transfer 
sites about the fourth day after transfer, at 
the time of maximum antibody synthesis, 
and many classical plasma cells were ob- 
served from the sixth day on. The sources 
of these cells were probably the lymphocytes 
of the lymph node cell transfers and the 
macrophages of the peritoneal exudate cell 
transfers. 

Miss Maria DVeichmiller and Miss Mary Leone 
gave assistance in this work. The photography was 
performed by Mr. Albert Levin, F.B.P.A 

Department of Pathology, University of Pitts 
burgh School of Medicine (13) 
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Factors Influencing Skeletal Changes Induced by 


Aminoacetonitrile 


Effect of Alizarin and Kernechtrot 


HANS SELYE, M.D., and KAI NIELSEN, Montreal, Canada 


Alizarin and kernechtrot are dyes which 
have a particular affinity for osseous tissue; 
when administered subcutaneously, they 
stain, rather selectively, those parts of the 
bone that are formed during the period of 
dye administration. 

Aminoacetonitrile (AAN), the nitrile of 
glycine, causes osteolathyrism, a disease 
characterized by excessive proliferation of 
junction cartilages (with degeneration of 
the cartilage matrix), periosteal new-bone 
formation, and the development of exostoses 
at muscle-insertion sites. The literature on 
lathyrism has been the subject of an ex- 
tensive recent review.' 

The object of this communication is to 
describe experiments which show that, al- 
though alizarin and kernechtrot do not pro- 
duce any obvious pathologic changes in the 
bones which they stain, they sensitize the 
skeleton to the osteolathyric effects of AAN. 


Methods and Material 


female Sprague-Dawley 
109 gm. 


Sixty 
initial body weight of 


rats having an 
(range, 100-115 


Submitted for publication March 15, 1957. 

These investigations were supported by a grant 
from the Muscular Dystrophy 
Canada. 

Professor and Director of the Institut de Méd- 
ecine et de Chirurgie expérimentales, Université de 
Montréal (Dr. Selye) 


Association of 


gm.) were subdivided into six equal groups, as 
indicated in the Table. Throughout the experiment 
the animals were fed exclusively on Purina Fox 
Chow. 

Alizarin (alizarin red S, Anachemia Ltd., Mon 
treal, Canada) and kernechtrot (G. Griibler and 
Co., Stuttgart, Germany) administered at 
the dose level of 1 mg. in 0.2 ml. of water sub 
cutaneously once daily. AAN (aminoacetonitrile 
hydrosulfate, Abbott Laboratories Limited, Mon 
treal, Canada) was administered orally, through a 
thin rubber catheter attached to a syringe, at the 
dose level of 5 mg. in 0.5 ml 
daily. 

After 33 days of treatment all the animals were 
killed with chloroform and their skeletons were 
carefully examined with a magnifying glass. The 
intensity of the osteolathyrism was assessed on 
the basis of the periosteal new-bone formation, 
the development of osteophytes, and the widening 
of the epiphyseal cartilage plates, and is expressed 
in a scale of 0 to ++4 Immediately after 
autopsy the distal metaphyses of the femora and 
the proximal metaphyses of the tibiae were fixed 
in susa solution for 


were 


of water twice 


subsequent embedding in 
paraffin and staining with Schmorl’s thionine bone 
stain* or celestin blue. 

The celestin blue technique is as follows: 

1. Fix and decalcify in susa, three to seven days 
. Dehydrate in dioxane 
. Embedded in paraffin 
Deparaffinize in xylene. 
. Two changes of 95% alcohol 
Alcohol 95% + iodine 0.5%, 10 minutes. 
. Alcohol 70%, 30 seconds. 

8. Sodium thiosulfate 0.25% in alcohol 50%, one 
minute. 


wn 


Effect of Alisarin and Kernechtrot upon the Skeletal Changes Induced by 
Aminoacetonitrile 


Final Body 
Group Treatment Weight, Gm. Osteolathyrism Adrenals,Mg. Thymus, Mg. 
1 None Mt 4.1 0 53.0424 290417.1 
2 Alizarin.. 246 0 51 HOLDS 
3 Kernechtrot 24 0 W24124 
4 AAN 3.9 Trace 524419 
4 Alizarin + AAN____ 164+ 8.5 +++ 257 + 26.8 
6 Kernechtrot + 162411.9 ++ 47.7440 2444-38. 
333 


Y 
id 
Age 
i 


be 


9. Kunning water, 10 minutes 
10. Two changes of distilled water, one minute 
each. 

11. Mordant for 30 minutes in a saturated so 
lution of aluminum and ammonium sulfate 

12. Two changes of distilled water, one minute 
each 

13. Stain for 30 minutes in 0.1% solution of 
celestin blue B (The British Drug Houses [Can- 
ada| Ltd, Montreal), to which is added 0.5 ml 
of 0.5% sodium bicarbonate per 50 ml. of celestin 
blue solution. The staining solution should be 
made up fresh, as it does not keep well 

14, Rinse briefly in distilled water and dehydrate 
in two changes of 95% and two changes of ab- 
solute alcohol. Clear in xylene and mount in 
Canada balsam. 

These techniques were used because we had 
previously demonstrated that in the bones of rats 
with osteolathyrism there develop rather char- 
acteristic “basophilic bone globules,” which are 
readily stainable with the celestin blue technique, 
and degeneration of bone canaliculi, which can be 
clearly visualized only with thionine 

In order to assess the possible participation of 
nonspecific stress (due to the combined action of 
the dyes and AAN) in the development of osteo- 
lathyrism, the thymus and adrenal glands were 
also fixed in susa solution and then weighed on an 
analytic balance. The means of these organ 
weights, the final body weights (with their stand- 
ard errors) and the mean degree of osteolathyrism 


are listed in the Table 


Results 


Between the second and the third weeks 
of treatment it became evident that the ani 
mals of Groups 5 and 6, which had received 
the dyestuffs in combination with AAN, 
walked about with great difficulty, and upon 
palpation deformities of the tubular bones, 
as well as of the jaw bones, were readily 
detectable. No such changes were observed 
in any of the other groups. 

At autopsy the differences between the 
groups became even more evident. In other 
wise untreated rats, AAN, at the dosage 
employed here, caused no macroscopically 
detectable skeletal change, while in the rats 
receiving AAN in combination with aliz 
arin, the skeletal malformations were ex- 
tremely severe. Periosteal new-bone forma- 
tion was particularly pronounced in_ the 
proximal metaphyses of the tibia and fibula, 
the epiphyseal cartilages were greatly 


334 


A. M. A. ARCHIVES OF PATHOLOGY 


widened and irregular, and, in 6 out of 10 
animals, the proximal epiphysis of the tibia 
slipped backward and inward. The rats 
treated with kernechtrot and AAN showed 
similar, though slightly severer, changes. 
The bones of the alizarin-treated rats were 
dark pink, and those of the kernechtrot- 
injected animals were orange. This was so 
both in the animals receiving only the dye 
stuffs and in those simultaneously treated 
with AAN, but, because of the enhanced 
new-bone formation induced by AAN, a 
greater portion of the bone tissue was 
stained in Groups 5 and 6 than in Groups 
2 and 3. 

X-ray pictures of these bones indicated 
that the newly formed osseous tissue is only 
partially calcified and hence readily dis- 
tinguishable from the solid old bone by its 
“fluffy” appearance (Fig. 1). 

Upon histologic study, signs of osteo- 
lathyrisn: were barely detectable in the 
animals which had received AAN alone. By 
contrast, in the bones of the rats that had 
been simultaneously treated with AAN and 
alizarin, or AAN and kernechtrot, there 
was an abundance of celestin-blue-stained 
“basophilic bone globules.” Furthermore, in 
these bones, sections stained with Schmorl’s 
technique revealed fragmentation, with 
varicose dilatation of the osteocyte canaliculi. 
All these changes are rather characteristic 
of osteolathyrism.' The typical irregular 
proliferation of the junction cartilage plates, 
with degeneration and fibrillation of the 
cartilage matrix, was also very pronounced 
in Groups 5 and 6 and just detectable in 
Group 4. 

It may be asked whether this aggravation 
of osteolathyrism by bone dyes is due to 
the specific affinity of skeletal structures for 
these compounds or whether the sensitiza 
tion results from the stressor effect of 
alizarin and kernechtrot. In the AAN 
treated animals (compare Groups 5 and 6 
with Group 4), the increase in body weight 
(Table) and the growth in length of the 
tubular bones (Fig. 1) were definitely in- 
hibited by the dyestuffs, but at the dose levels 
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Fig. 1.—Tibiae and fibulae of rats from the 
groups (left to right) treated with AAN alone, 
AAN plus kernechtrot, aml AAN plus alizarin. 
Macroscopic inspection (top) reveals no essential 
anomaly in the bones of the animals treated with 
AAN alone, while in the two others the epiphyseal 
cartilage has slipped backward and mediad, so 
that the cartilaginous surface of the knee joint is 
fully visible from the side. At the same time, 
marked periosteal bone proliferation is evident in 
the upper metaphyses of both tibia and fibula, An 
X-ray picture of the same three bones (bottom) 
shows that much of the newly formed osseous 
tissue near the proximal end of the tibia and fibula 
is incompletely calcified and casts a “fluffy” shadow 
around the still visible outlines of the original 
compact bone. Due to the osteolathyrism, growth 
in length is stunted in the animals treated with 
dyestuffs in addition to AAN 


at which administered, neither alizarin nor 
kernechtrot produced any growth inhibition 
in itself (compare Groups 2 and 3 with 
Group 1). It is also noteworthy that, under 
our experimental conditions, neither of the 
dyestuffs produced any significant thymus in- 
volution or adrenal enlargement such as are 
characteristic of the general adaptation syn- 
drome. We know from previous experi- 
ments that diverse toxic substances and 
surgical interventions can aggravate the 


Selye—Nielsen 


SKELETAL CHANGES FROM AMINOACETONITRILE 


Fig. 2.—The osteocytes and their canaliculi are 
essentially normal in the cancellous bone of the 
animal treated with AAN alone (top). In_ the 
bone spicules of a rat which received AAN and 
kernechtrot the osteocytes shrink away from the 
matrix and the canaliculi are fragmented (bottom ) 
and often exhibit varicose dilatations (arrows) 
Schmorl’s stain; reduced 40% from mag. 960 


course of the AAN-induced osteolathyrism,' 
and a participation of nonspecific stress in 
the sensitization of the skeleton to AAN 
cannot be excluded in the present experi- 
mental series. Yet the intensity of the 
sensitization by doses of alizarin and 
kernechtrot which in themselves do not ex 
hibit any detectable manifestations of the 
stress syndrome suggests that the bone dyes 
act in a more specific manner, In any event, 
it is clear from the experiments just de- 
scribed that alizarin and kernechtrot are 
highly effective in “conditioning” the skele 
ton to the osteolathyric actions of AAN. 


Summary 


Threshold doses of AAN—which in 
themselves produce little, if any, damage to 
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the skeletal tissues of the rat—provoke 
severe osteolathyrism in animals simul- 
taneously treated with alizarin or kernecht 


rot. This disease is characterized — by 


marked periosteal new-bone formation and 
disintegration of the bone canaliculi and of 
the junction cartilage plates, as well as 


shipping of the epiphyses 
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The Abbott Laboratories Limited supplied the 
aminoacetonitrile hydrosulfate used in this study. 


Institute of Medicine, University of Montreal 
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Ependymoma 


ROBERT E. PERRY Jr., M.D., Durham, N. C. 


Although extracranial metastases from 
intracranial tumors have rarely occurred, 
valid instances of this phenomenon have 
been reported. Winkelman, Cassel, and 
Schlesinger described a case of a meningi- 
oma with extracranial metastases." They 
made an extensive review of the literature 
and found a total of nine probably authentic 
cases of extracranial metastases of intra- 
cranial tumors, but no instances of gliomas 
with extracranial metastases were recorded. 
Since their report in 1952, three additional 
cases of extracranial metastases of ependy- 
momas of the central nervous system have 
been reported.?* 

Weiss enumerated criteria that should be 
fulfilled by a case before it could be con- 
sidered a valid instance of extracranial me- 
tastasis of an intracranial tumor.* These 
criteria are as follows: (1) The presence of 
a single histologically characteristic tumor 
of the central nervous system must be 
proved; (2) the clinical history must indicate 
that the initial symptoms are due to this 
tumor; (3) a complete autopsy must be per- 
formed and reported in such detail as to 
rule out the possibility of any other primary 
site, and (4) the morphology of the primary 
tumor and the distant metastases must be 
identical, with due allowances for differences 
in degree of anaplasia. The following case 
meets these criteria. 


Report of Case 


A ¥%-year-old white man had previously been 
well except for a brain concussion from a high- 
explosive shell in 1945, while in combat. In 1948 


Submitted for publication March 22, 1957. 

From the Department of Pathology, Duke 
University School of Medicine, and the Laboratory 
Service, Veterans’ Administration Hospital. 


Extracranial Metastasis in a Case of Intracranial 


the patient was hospitalized because of convulsive 
seizures, and an old depressed fracture of the left 
parietal region was noted. In January, 1949, he 
was readmitted to the hospital, at which time 
some calcification of the left parietal region was 
noted and a hyperactive tendon reflex of the right 
biceps was observed. In April, 1950, a craniotomy 
was done, with the partial removal of a tumor 
of the left parietal lobe. The histologic appearance 
of this tumor suggested either a mixed glioma or 
an ependymoma, The patient did poorly for the 
next five years, having many convulsive seizures 
In January, 1955, another craniotomy was done, 
with the removal of a large cystic tumor of the 
left parietal lobe. The histologic appearance of 
this tissue was the same as that of the first surgical 
specimen. The patient was treated with irradiation 
postoperatively and did very well for a few 
months. He was again admitted to the hospital in 
November, 1955. At this time he complained of 
severe back pain and costovertebral angle 
pain. There was xanthochromic spinal fluid, and 
clinically it was felt that there was seeding of the 
tumor along the spinal cord. His last admission 
was on Feb. 10, 1956, at which time he was coma 
tose. His course was downhill, and he died Feb 


15, 1956 


low 


Autopsy Findings 


Gross: The findings of significance were limited 
to the brain, the liver, and the femoral marrow. 
The brain weighed 1400 gm., and the dura was 
tightly adherent to the region of the left parietal 
lobe. There was a large cystic area in the left 
parietal lobe. In the left superior parietal lobule 
there was a white firm nodular mass of tumor 
measuring 3.5253 cm. which could be fol- 
lowed downward from the vertex for 2 em. into 
the precuneus (Fig. 1). Multiple coronal sections 
at intervals of 0.5 cm. failed to reveal other tumor 
nxlules. The leptomeninges of the spinal cord 


were stained brown 


throughout. Twenty-one 
centimeters below the lower border of the medulla 
a mass of gray soft tumor surrounded and partially 
compressed the spinal cord. Seven nodules of 
white firm tissue were found scattered throughout 
the substance of the liver (Fig. 2). These nodules 
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Fig. 1.—Cerebral 
hemispheres, showing the 
tumor and operative de- 
fect in the superior 
parietal lobule. 


varied from 0.3 to 3.0 cm. in diameter. The femoral 
marrow was red, with a few tiny white foci within 
it. Careful study of the remainder of the viscera 
revealed no primary tumor in any other location. 

Microscopic: The tumor in the first sur- 
gical specimen was very cellular. The cells 
were small, with uniform round nuclei, and 
arranged themselves in sheets and diffusely 
infiltrated the adjacent glial tissue (Fig. 3). 
There was a gliosis about the tumor, with 
the astrocytes. 
Neither rosettes nor pseudorosettes were 
seen in the material available for study. 


presence of gemistocytic 


The histologic appearance of this tissue sug- 
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mixed 
second 


gested an 
glioma, or an ependymoma, 


oligodendroglioma, a 
The 
surgical specimen presented a_ histologic 
pattern very similar to the first specimen. 
The tumor was cellular. The cells were 
small, with uniform nuclei, and the cells 
arranged themselves in sheets. There was a 
delicate eosinophilic network, which tended 
to separate the cells into nests. Mitoses and 


cellular pleomorphism were not prominent 
(Fig. 4). No glial fibers were produced by 
the tumor cells, as shown by a phospho- 


tungstic acid stain. When the autopsy 


Fig. 2.—Liver, with tumor nodules at the periphery 
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Fig. 3.—First surgical specimen. Nests of tumor 
cells and some cells lining up about vessels. Hema- 
toxylin and eosin; reduced approximately 4% from 


mag. 270. 


material was studied histologically it was 
found that the tumor in the brain was very 
cellular. The cells were small, polygonal to 
round, with dark uniform nuclei and promi- 
nent nucleoli. The cells were in nests and 
sheets, and some pseudorosette forms were 
seen. The adjacent glial tissue was diffusely 
infiltrated by tumor cells. No glial fibers 
could be shown associated with the tumor 
cells when the tissue was stained with phos- 
photungstic acid. Material which stained 
faintly positive with the mucicarmine and 
the periodic acid-Schiff stains was present 
in the cytoplasm of some of the tumor cells. 
Large areas of necrosis and hemorrhage 
were seen in the tumor mass (Fig. 5). 
Nodules of tumor were found in the wall of 
the left ventricle and in the stalk of the 
pituitary gland. Clusters of tumor cells 


Fig. 5.—Histologic appearance of the tumor in 
the cerebral hemispheres at the time of autopsy. 
Compare the cellular morphology with Figures 3 
and 4 Hematoxylin and eosin; reduced approxi- 
mately 4% from mag. X 270 


Perry 


INTRACRANIAL EPENDYMOMA—EXTRACRANIAL METASTASIS 


a, 


Fig. 4.—Second surgical specimen. Uniformity 


of cells is shown, as well as perivascular crowding 
Hematoxylin and eosin; reduced approximately 
4 from mag. & 270. 


were in the leptomeninges of the spinal 
cord, and a nodule of tumor encompassed 
the posterior aspect of the thoracic cord. 
No evidence of degeneration of the spinal 
tracts could be found when the spinal cord 
was studied with the aid of the Kliiver- 
Barrera stain for cells and fibers.® The 
nodules seen grossly in the liver were com- 
posed of tumor cells. The tumor cells were 
in nests and closely resembled the tumor 
as seen in the brain (Fig. 6). Mucus was 
present in this tumor area, as shown by the 
mucicarmine and the periodic acid-Schiff 
stains. The femoral marrow, which was 
hyperplastic, contained nodules of tumor 
cells (Fig. 7). The morphology of the tu 
mor here was the same as in the brain and 
liver. The final diagnosis of this case was 
ependymoma of the left parietal lobe, with 


Fig. 6.—Metastatic tumor in liver. Rosette for- 
mation immediately below center of field. Hema 
toxylin and eosin; reduced approximately 4% from 
mag. X< 270 
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Fig. 7.—Metastatic nodule in the femoral mar- 
row. Note pattern of growth of tumor cells. Hema- 
toxylin and eosin; reduced approximately % from 
mag. < 270. 


implantation on the spinal cord and metas- 
tases to the liver and the femoral marrow. 


Comment 


An interesting feature of gliomas is the 
development of the so-called 
ma,” 


“mixed glio- 
where more than one glial cell type 
seems to participate in the formation of 
the tumor. This process has been discussed 
by Zimmerman and Scherer, and from their 
work the difficulty in classifying some glio- 
their composition is 
readily apparent.*” However, one can often 


mas as to cellular 
classify a neoplasm by the predominant cell 
type as well as by the demonstration of 
certain morphologic characteristics, such as 
fibrillary processes of tumor cells or the 
presence of mucoid material in the cells 
It is true that certain 
tumors appear to be truly 


or spaces in the tumor. 
“mixed gliomas.” 
Another feature is that gliomas can and do 
infiltrate extensively the adjacent glial tissue, 
while rarely, if ever, are they seen to invade 
matter 
how malignant the cells in the tumor may 
to the usual 


occurrence of lymphatic or vascular invasion 


the blood vessels of the brain, no 


appear, This is in contrast 
in malignant tumors of other tissues of the 
body. This lack of invasion is 
undoubtedly responsible for the rarity with 
which extracranial 


vascular 


metastases occur with 


gliomas, a well-known feature of these 


neoplasms. 
40 
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There have been three cases of ependy- 
momas of the central nervous system with 
metastases recorded prior to 
this report. The first of these was reported 
by Maass, in 1954.2 This was an intra- 
cranial ependymoma with metastasis to the 
cervical lymph nodes. Maass classified his 


extracranial 


case as being questionably valid, as no au- 
topsy was performed. The first clearly 
documented case of extracranial metastasis 
of an ependymoma of the central nervous 
system was reported by Weiss, in 1955.8 
This was an ependymoma of the spinal 
cord, with metastasis to the lungs, liver, hilar 
lymph nodes, mediastinal soft tissue, and 
the chest wall. The first valid case of an 
intracranial ependymoma with extracranial 
metastases was reported by Sherbaniuk and 
Shnitka, in 1956.4 Tumor nodules in the 
scalp and metastatic tumor in the lungs were 
found in their case. 

Sherbaniuk and Shnitka noted certain 
features that all of these cases had in com- 
mon.* These were prolonged survival, 
multiple operations, subcutaneous nodules 
in the region of the operative site, pulmo- 
nary metastases, and postoperative irradia- 
tion. The case reported here had three 
features in common with the other three. 
These were prolonged 
operations, and irradiation. 
The features of these four cases are sum- 
marized in the Table. 

The two features that appear most im- 
portant in the pathogenesis of extracranial 
metastases from ependymomas of the cen- 


survival, multiple 


postoperative 


tral nervous system are multiple operations 
and prolonged survival of the patient. Mul- 
tiple operations increase the opportunities 
for spreading tumor cells by the repeated 


Similar Features of Ependymomas with 
E *tracramal Me tasta Ses 


Sherba- 
niuk and 
Sbnitka 


Case 


Survival time 
Operations 
Postoperative 

irradiation 
Subcutaneous nodules 
Pulmonary metastasis 
Liver metastasis 


13 yr. 
3 
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opening of veins and venous sinuses. Pro- 
longed survival allows the disseminated 
tumor cells to adapt to their different en- 
vironments and proliferate. An analogous 
situation to this may be found in the devel- 
opment of the rare metastatic carcinoma in 
the spleen in 9% of patients that have a 
prolonged history of carcinoma.* The third 
feature that these four cases have in common 
is postoperative irradiation, which may con- 
ceivably be a factor in the production of 
extracranial metastases from intracranial 
tumors. Zimmerman has shown that irradia- 
tion of gliomas produces more rapid growth 
of tumor cells after an initial period of 
retardation.® With prolongation of life fol- 
lowing intracranial operative procedure due 
to the advancements in neurosurgical tech- 
nique, extracranial metastases from intra- 
cranial neoplasms probably will be seen 
more frequently. 


Summary 


The second case of extracranial metastasis 
of an intracranial ependymoma that fulfills 
all essential criteria is reported. Important 
features in all the reported cases of extra- 
cranial metastases of ependymomas of the 
central nervous system are multiple opera- 
tions and prolonged survival of the patient. 


INTRACRANIAL EPENDYMOMA—EXTRACRANIAL METASTASIS 


Repeated surgical procedures with the open- 
ing of veins and venous sinuses probably 
facilitate the spread of tumor cells, and pro- 
longed survival permits the disseminated 
neoplastic cells to proliferate. 


Department of Pathology, Duke University 
School of Medicine. 
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News and Comment 


ANNOUNCEMENTS 


Fifth International Congress of Internal Medicine.—Jhe Fifth International Congress 
of Internal Medicine will be held in Philadelphia on April 24-26, 1958. Further information 
can be obtained from the Secretary-General, Dr. Edward R. Loveland, 4200 Pine St., 
Philadelphia 


World Congress of Gastroenterology.— Ihe World Congress of Gastroenterology will 
be held in Washington, D. C., on May 25-31, 1958. Information concerning this meeting may 
be obtained from the Secretary-General, Dr. H. M. Pollard, University Hospital, Ann Arbor, 


Mich 
PERSONAL 


Dr. Shields Warren Presents Paper.—At the dedication of the Bardeen Memorial 
Laboratory at the University of Wisconsin on May 17, Dr. Shields Warren presented a 
paper on “Atomic Fallout and World Reaction.” 


Books 


BOOK REVIEWS 


Cryptococcosis: Torulosis or European Blastomycosis. by M. L.. Littman, M.D., Ph.D., 
and Lorenz E. Zimmerman, M.D. Price, $8.50. Pp. 205, with 82 illustrations and 4 color 
plates. Grune & Stratton, Inc., 381 Fourth Ave., New York 16, 1956. 


Clinical and pathologic manifestations of Cryptococcosis in man and animals as well as 
historical, epidemiologic, and technical information about Cryptococcus neoformans, are 
presented. The text is well illustrated; the bibliography is extensive and up to date. The 
authors, from Mount Sinai Hospital, New York, and the Armed Forces Institute of Pathology, 
propose to publish other monographs on the individual systemic mycoses. With the increasing 
importance of medical mycology, concise but comprehensive presentation of the mycoses, as 
done for Cryptococcosis in this volume, is badly needed 
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Scientific Exhibits 


A Medicolegal Symposium 


GEOFFREY T. MANN and GEORGE W. THOMA 
Richmond, Va. 


The focal point of any medical examiner system on a state-wide basis is the 
physician-medical examiner serving on a fee-for-service basis. Provided with 
intensive training programs including symposiums, training bulletins, handbooks, 
etc., he must have instant and around-the-clock consultation service from the 
central office. Moreover, all the accessory aids necessary for proper medicolegal 
inquiries must be made easily available. 

The center panel depicts a routine medicolegal investigation by a physician- 
medical examiner, and highlighted are essential procedures, such as the visit to 
the scene; the use of ancillary aids, such as photographs, fingerprints; the use of 
special laboratories, such as toxicology. Attention is drawn to the close liaison 
between the medical examiners and pathologists. 


From the State Chief Medical Examiner's Office. 
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To the left is another panel depicting some of the pitfalls of medicolegal 
investigation in the realm of deaths due to poisoning. In many instances the 
morphological changes produced by poisons mimic absolutely the morphology of 
natural disease. Only a complete necropsy, including chemical and microbiological 
studies, can prevent the occurrence of grave miscarriages of justice. 

The panel to the right consists of special techniques that are necessary in 
the performance of a medicolegal autopsy and is designed to show the necessity 
of forensically training hospital pathologists, who are acting in a medicolegal 
capacity. In Virginia, as would be the case in any good medical examiner system, 
autopsies may be done only by designated pathologists, and these are subjected 
to constant forensic training by the central office, 


One is often asked how many cases of violence will be uncovered by a 
medical examiner system in comparison with a coroner system. This exhibit 
will serve to indicate how easily some of these cases could have been missed by 


competent medical men without training in forensic medicine. What might have 
occurred in the hands of a lay coroner is self evident. 


Figs. 1 and 2.—The basis of a medical examiner's system is the visitation and thorough 
inspection of the death scene by a physician medical examiner. Figure 1 depicts a typical 


problem case, and Figure 2 depicts the final solution 


A COMPOSITE MEDICOLEGAL INVESTIGATION 


Fig. 3.—The medical examiner at the scene first Fig. 4.—Pictures are invaluable evidence for 
surveys the general surroundings and the circum- the court. Most police departments are equipped 
stances, lest he destroy nonmedical evidence by a to take them, but in rural areas the medical ex- 
premature inspection of the body aminer should be prepared to do so. 
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Fig. 5.—Another typical suicidal setting from 
automobile exhaust fumes. The gas tank and Fig. 6—A 
position of ignition key should be carefully 
checked 


close range inspection of the sur 
roundings for weapons, bottles, notes, etc 


Fig. 7.—A preliminary inspection of the body 
and the clothes is made at the scene to detect 
obvious wounds and establish identification 


Figs. 8 and 9.—The body is now removed to the morgue or funeral home and stripped for 
a thorough external inspection. Blood may be drawn from the heart for selected toxicological 
studies as indicated 
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Fig. 10.—In a medical examiner's system of a 
size comparable to that of the state of Virginia, 
the medical examiners must of necessity be 
physicians employed on a fee-for-service basis in 
a part-time capacity. The central office must be 
available to the medical examiner in the field any 
time day or night, throughout the year. The most 
practical approach to this problem lies in the 
extensive use of the telephone. Here the medical 
examiner is shown calling the central office by 
long distance telephone for information and advice 
concerning a problem which he feels needs clarifi- 
cation, 


Fig. 11.—In cases of doubtful identification, the Fig. 12.—If an autopsy is indicated, the medical 
police should be called for fingerprinting studies examiner informs the pathologist about all the 
known details in the case 


Fig. 13.—Unsuspected head injuries are fre Fig. 14.—Bullets removed from bodies should 
quently encountered in routine forensic autopsies be initialed on the base, wrapped in cotton, and 
placed in properly labeled containers at once for 
transmittal to the proper authorities. This is es- 

sential to preserve the continuity of evidence 
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MEDICOLEGAL SYMPOSIUM 


Fig 15.—It is absolutely essential in any medical 
examiner's system that a complete laboratory serv- 
ice including toxicology, serology, bacteriology. 
etc., be maintained. The incidence of poisoning 1s 
always higher in those jurisdictions where routine 
toxicological studies are made 


Fig. 16.—Clear and concise report forms are 
essential. Note the device for certification as true 
copies. Receivable in evidence by statute, this 
eliminates unnecessary appearances of the medical 
examiner in court 


PATHOLOGY OF POISON 


The histological changes produced by exogenous chemical agents are often non- 
specific. The three top pictures represent natural disease processes and the three 
lower ones chemical lesions. Although there may be minor differences, these are 
often based on individual interpretation. For medicolegal purposes, a good clinical 
history and a thorough toxicological examination are essential. 


Fig. 17.—Liver in infectious hepatitis 
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Fig. 19.—Kidney in idiopathic calcium oxalate 
nephropathy (Dr. P. A. Herbut, Philadelphia) 


Fig. 21.—Beryllium granuloma of skin following Fig. 22.—Calcium oxalate crystals in kidneys 
cut from a fluorescent light bulb from antifreeze (ethylene glycol) poisoning. 
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Be Fig. 20.—Liver in carbon tetrachloride poisoning. 
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MEDICOLEGAL SYMPOSIUM 


The lesions pictured below suggest the possibility of poisoning and warrant 
toxicological analysts to isolate the responsible agent. 


Fig. 23. —Nuclear inclusions in renal tubules Fig. 24.—Hemorrhagic encephalitis following 


from a case of lead poisoning mercury poisoning. 


Fig. 25.—Severe gastritis after ingestion of Fig. 26.—Mercury bichloride nephrosis. 
insecticide containing sodium fluoride 
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7 MEDICOLEGAL AUTOPSY TECHNIQUES 


The proper performance of the medicolegal autopsy necessitates techniques which 
are often omitted in academic work. This panel depicts some of these and shows 
what can sometimes be found under seemingly unfavorable conditions. 


3 Fig. 27.—Careful external examination reveals Fig. 28.—Meticulous scrutiny of all body orifices 

‘ an ice wound in an often uninspected part of is essential. In one case, the upper plate established 

: the body the identity of an unknown victim. An accurate 
charting, preferably with the aid of a dental con- 

sultant, of the teeth, fillings, ete., can be equally 

i helpful 

4 


4 Fig. 29.—The pleural cavity should be opened Fig. 30.—The pericardial sac is flooded with 
; under water to test for the presence of pneumo- water and the heart chambers punctured beneath 
thorax. the surface to demonstrate the presence of air. 
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MEDICOLEGAL SYMPOSIUM 


Figs. 31 and 32.—Routine removal of the neck organs is essential, especially in cases of 
suspected manual strangulation. Occasionally, an apparently natural death is found to be 
due to accidental mechanical suffocation. 


Fig. 33.—Exposure of the mastoid air cells. In Fig. 34.—The spinal cord should be exposed and 
children, unexplained death may be due to an examined for unsuspected injuries 
unsuspected mastoiditis 
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Figs. 35-38 —Although a body is severely burned or decomposed, a high index of suspicion, 
perseverance, and special techniques may provide invaluable information. Good tissue sections 
can often be obtained. In one case the findings of a proliferative endometrium aided materially 
in identification. In another case, x-rays disclosed a homicidal shotgum injury 


Fig. 39.—As in all branches of medicine, ade- 
quate equipment is essential. Performance of 
medicolegal autopsies in funeral homes and poorly 
equipped morgues often leads to tragic conse- 
quences, Shown here are the minimum auxiliary 
necessities for the proper performance of these 
investigations (bacteriology and serology, tox 
cology, x-ray, and photography ) 


Fig. 40.—It is imperative in all cases of sus 
pected poisoning, or cases in which no gross cause 
of death 1s found, that a complete toxicological 
study be made. For this purpose adequate quan- 
tities of the proper organs are essential. The 
average requirements of a typical case are one 
kidney, one-half liver, one-half brain, one pint of 
blood, the stomach and all its contents, and all the 
urine 
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notes froma 
MICROSCOPIST’S 
NOTEBOOK 


NATIONAL’ PYRONIN Y 


National was one of the first to produce Pyronin Y in the 
United States. This xanthene dye, a relatively recent addition 
to our line, finds its principal use in Scudder’s combined Gram- 
Pappenheim stain for gonorrheal infection. As made by 
National, Pyronin Y meets every requirement of the 
Biological Stain Commission. 


With assured domestic production of National PYRONIN Y, 
microscopists are no longer dependent upon the varying 
availability and quality of foreign material. 

In ordering from your supply house, please specify 


1957 Silver Anniversary 
of The American Society #710 National PYRONIN Y, Certified 


of Medical Technologists. 1 gm. $1.20 5 gms. $5.50 10 gms. $10.00 25 gms. $22.50 


plus 20¢ certification label charge 


NATIONAL|BIOLOGICAL STAINS and INDICATORS 


PRODUCTS OF THE PHARMACEUTICAL LABORATORIES 


MATIOMAL ANILINE DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 
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All of 

these articles have 

appeared in TODAY'S HEALTH 
and are now available 


in one pamphlet. 


ALCOHOLISM 


an 
important 
problem 


in today’s living 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


ADDRESS REQUESTS TO: 


CHICAGO 10, ILLINOIS 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 


ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
problems confronting the alcoholic are discussed. 


ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 
by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 
by Edward A. Strecker and Francis T. Chambers, Jr. 


THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 

OF CHRONIC ALCOHOLISM 

Its place among methods of treatment today, 

its development and correlation with personality factors. 
by Walter L. Voegtlin 


INSTITUTIONAL FACILITIES FOR THE 

TREATMENT OF ALCOHOLISM 

Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 
A discussion of the dangers of mixing alcohol and bat 


biturates. 
Donald A. Dukelow 
4 pages, 10 cents 
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PARAGON STAINS 


PARAMOUNT QUALITY 
Tested and proven stains of the very highest quality 


PAPANICOLAOU STAINS-PARAGON 


EA-36 EA-65 0G-6 
Harris Hematoxylin (modified) 


Papanicolaou stains prepared according to the original formulae for the cytological diagnosis 
of cancer by means of the smear technic. 


These stains conform to ws rigid standard of excellence in every way at a modest 
cost that renders preparation by the laboratory technician unnecessary. 


STABLE READY TO USE 


Each lot of stain is tested against smears in our laboratories for correct differential stain- 
ing, color balance and transparency. 


ae 


PAPANICOLAOU STAIN—PARAGON EA-36 


For general staining of vaginal and cervical smears and in endocrine studies. 


PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and pleural fluids, ete. 
Similar to EA-36 but yielding better differentiation in the presence of mucus, 


PAPANICOLAOU STAIN—PARAGON OG-6 

The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou technic. 
HARRIS HEMATOXYLIN—PARAGON (modified) 
For Papanicolaou Staming 


A modified ready to use Harris Hematoxylin Stain specially formulated for Papani- 
colaou staining. It yields a sharp blue nuclear stain with no staining of the cytoplasm. 


PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes only, a 
250 ce and a 500 cc bottle. 


Name Catalog No. S500cc 250 cc 
Bottle Bottle 

HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 

PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 
PS1292 2.35 

PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 3.85 
PS1293 2.35 

PAPANICOLAOU STAIN—PARAGON OG-6 PS1284 3.25 


PS1294 


+ 


Manufactured exclusively by 


PARAGON C. & C. CO., inc. 2540 Belmont Ave., New York 58, W.Y. 


Cable Address: Wijeno, New York 


All prices F. O. B. New York, New York, subject to change without notice. 


2.00 
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speeding up a “normal” can be dangerous 


For the patient's safety, a prothrombin con- 
trol plasma must give true normal values. 
Faster times lead to false interpretation of 
the prothrombin time test, since the clinician 
regulates anticoagulant therapy against the 
“normal.” Diagnostic Plasma Warner-Chilcott 
is the only commercially available prepara- 
tion which is controlled to give the same 
results as fresh pooled human plasma. Other 
control plasmas are artificially adjusted so 
that the prothrombin time is speeded up, and 
thus may become a source of danger to the 
patient. 


The Test of Safety. You can perform a simple 
test to demonstrate the superiority of Diag- 
nostic Plasma. First, take 3 vials of Diagnostic 
Plasma and run prothrombin time determina- 
tions on each in the usual way. 


Then repeat, using a sample of 3 fresh pooled 
human plasmas and 3 different vials of any 
other control plasma. Use the same thrombo- 
plastin preparation throughout. Only Diag- 
nostic Plasma gives the same values as fresh 
pooled human plasma, assuring valid inter- 
pretation of prothrombin times. We will be 
glad to send you 3 vials of Diagnostic Plasma 
to help you make this comparison. 

Simple to Use. Diagnostic Plasma provides 
you with a convenient supply of fresh normal 
human plasma, ready for use with just the 
addition of distilled water. It is now also 
being used in bacteriology laboratories in the 
coagulase test for the identification of patho- 
genic staphylococci. 

Available from laboratory supply distributors 
in boxes of 10 “no-waste” vials, $9.00 


Diagnostic Plasma 


WARNER-CHILCOTT 


Q 


© Please send me, without charge, three vials 


of Diagnostic Plasma Warner-Chilcott. 


© Please furnish name of nearest distributor. 
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EXCISION OF LIPOMA OF PARIETAL PLEURA; 1. Preoperative radio- 
graph, A-P view, indicates presence of mass within pleural cavity. 


Thousands can study this case...over and over again... 


..- thanks to the radiographs and photographs shown here 


2. Excised Mass. Turn page for reproduction of 
laminagraph which locates the mass, together 
with color photographs of surgery. 


I, turned out to be a lipoma attached to the parietal pleura, 

Here you see illustrated what radiologist, attending 
physician and surgeon saw... the radiographs which 
pin-pointed the mass, helped guide the surgeon's 
fingers when he removed it... plus photographs of 
the actual surgery. 

With this material, physicians can review this case, use 
it in teaching, or research, or to illustrate a medical 
paper, a leeture or a scientific exhibit. 

Truly, visual data such as this works the clock 
around to widen the scope of today’s 


medical knowledge. 
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4 
5. Mass attached to left parietal pleura is 
exposed. 
: 
q 


: py 3. Laminagraph establishes position of mass in chest. It also suggests its 6. Photomicrograph of mass—a lipoma or 
‘ physical characteristics fatty, benign neoplasm. (Magnification, X40.) 
j For Radiography: Kodak Royal Blue \-ray Film and 

i 2 Kodak x-ray processing chemicals meet the most exacting 

q requirements. They are always dependable —uniform. 

Quality-controlled—rigidly tested —they are made to work 

logether, 


For Color Photography: 
Kodachrome Films for mini- 
ature and motion-picture cam- 
eras; Kodak Ektachrome Films 
and Kodak Ektacolor Films for 
sheet-film cameras; Kodak Ektachrome Films for 
roll-ilm and miniature cameras; Kodacolor Films 
for roll-film cameras and cameras accepting No. 828 
film. Kodak color print materials are also available. 


Order x-ray products from your x-ray dealer, 


photographic products from your photographic dealer. 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N. Y. 


d : 
: 
Kodak 
TRADE MARE 


You con rely on 
Scientific 


Products — 


Ainsworth balances 
American Optical 
microscopes 
B.B.L. culture media 
Barnstead stills 


equipment 

Beckman 
instruments 

Becton-Dickinson 
equipment 

Berkeley radioisotope 
equipment 

Browne-Morse 
sectional cabinetry 

Christian Becker 
balances 

Clay Adams medical 
equipment 

Coleman 
spectrophotometers 

Coors porcelain 

Corning glass 

Dade serums 

DiSPo items —dis- 
posable specialties 

Hartman-Leddon 
chemicals 

Hycel clinical testing 

equipment 

centrifuges 
e versatile Jewett refrigerators 

ready-to-use” contro 


Lindberg hotplates & 


LAB-TROL DADE 


ch \ 
SO INEXPENSIVE it can be used daily with each run of a test procedure. Matheson Coleman & 
For positive assurance of accuracy in blood chemistries. Lab-Trol comes in liquid icals 
form, ready to use from the bottle. Treated like serum or whole blood, it goes Monaghan respiratory 

through every step of a procedure including protein precipitation, For daily checks @enanien 
on the accuracy of tests, technique, instruments and reagents, run Lab-Trol in Precision scientific 
parallel with unknown samples. equipment 

Lab-Trol remains stable indefinitely, and because it is ready to use, is not subject a 
to dilution errors. For tests with antigens, Lab-Trol con- SP laboratory 


; ili ; — Specialties 
tains human syphilis reagin (antibody)—gives 4+ reaction. 


EACH VIAL OF LAB-TROL will serve as a standard for all apparatus 
the following procedures: a 
® Total Protein © Phosphorus —inorganic Torsion belences 
© Glucose @ Non-Protein Nitrogen Virtis virus & tissue 
wew Magnesium Sodium 
Bolletio— Blood Urea Nitrogen Potassium ‘arner-Chil 
products: © Creatinine © Calcium —total 
ciel © Chlorides (as NaC!) Ne matter what 
No. 53455—Lab-Trol, package of six 3.5 mi. vials 


Vil 


your laboratory 
needs—be sure te 
consult your SP 


Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
Wew York + Chicogo + Konses City + Minneapolis + Ationta + Washington + Dollos + Los Angeles + Son Froncisco 
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but whot 
pathology atory procedure! 


bree decades of continuing improve- 


the_ echnicon® 


THE TECHNICON COMPANY ¢@ CHAUNCEY, NEW YORK 


‘ 
Trail’ in automatic tissue processing was 
it 
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>» ~ combine mate processing and 
_ staining on the sa shine, with 
mp of o switch and 
@ name you can bank on tor quality . efficiency . progress a 
4 trailblazer in histologic automation 


